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GEOLOGY AND PHYSIOGRAPHY OF CENTRAL WASHINGTON. 



By George Otis Smith. 



rNTRODUCTION. 

Central Washington includes a pail of two great topographic provinces, the 
great plain of the Columbia and the Cascade Range. The former, in its position 
and general desert-like character, suggests at once a resemblance to the Great Basin 
of Utah and Nevada; and the vastness of the desert plain is emphasized by the snowy 
peaks of the Cascades along its western border. These provinces are not to be 
regarded as unconnected in their geologic history, however great the contrast in 
their general features. The intermediate zone between the great plain on the east 
and the mountain range on the w.est is a strategic point for the investigation of the 
geologic structure and history and the interpretation of the present topography of 
both provinces. On the extensive basalt-covered plain monotony wearies the 
traveler, while on the rocky peaks of the Cascades the complexity taxes the powers 
of the observer. 

Yakima River, an important tributary of the Columbia, drains a large area on 
the eastern slope of the Cascade Mountains, and in the medial portion of its course 
this river traverses a region which shares many of the features belonging to the 
two provinces mentioned above. The Mount Stuart and EUensburg quadrangles" 
are situated close to the geographic center of the State of Washington and include 
an area of about 1,600 square miles. In the southern portion of this area the country 
is characterized by broad valleys and low, gently sloping ridges. The general absence 
of forest trees and the abundance of the sagebrush are other features that remind 
the traveler of the great plain to the east. In the northern part of the Mount Stuart 
quadrangle the ridges are of a }x)lder t\^pe and the extremely rugged topography of 
Mount Stuart and other portions of the Wenatchee Mountains suggests at once the 
main range of the Cascades. These two quadrangles have been surveyed both topo- 
graphically and geologically, and the results of these surveys constitute the basis of 
the present paper. 

a Under ihe plan adopted by this survey for the preparation of a geolofiric map of the United States the entire area is 
divided into small quadrangles, bounded by certain meridians and parallels, and each is named from some well-known 
place or feature appearing in it. 

9 



10 CONTBIBUTIONB TO GEOLOGY OF WASHINGTON. 

In the preparation of this paper I have had the privilege of frequent conferenc'e 
with Mr. Bailey Willis. His familiarity with the area here described has given 
special value to his helpful criticism, which is gratefully acknowledged. Portions of 
the area described by Mr. Willis have also been visited by myself, and I believe the 
conclusions reached in his paper to be in general agreement with the results of the 
work in central Washington. The separation of the two areas and the fact that 
the field work was more or less distinct and conducted under different conditions led 
to the publication of our results as two papers, rather than as a joint contribution to 
the geology of the region. In the mapping of the Ellensburg quadrangle I was 
assisted by Mr. Frank C. Calkins. 

The results of this survey have been published in the Ellensburg folio. No. 86, 
of the Geologic Atlas of the United States. 

lilTEBATURB. 

A glance at the literature which is available regarding this area will serve to 
show the present state of our knowledge of the geologj^ and physiography of central 
Washington. Russell " records the occurrence of older crystalline rocks in this area, 
separated by an unconformity from overlying sediments of early Tertiary age. Above 
these, with another unconformity, is the great series of lava flows, named by Russell 
the "Columbia lava," * above which is another sedimentary series of Miocene age, 
correlated by Russell with the John Day beds of Oregon. Professor Russell's deter- 
mination of the age of the Cascade Range as post-Miocene^ is provisional only, but 
the antecedent character of the main streams of the region is more definitely stated, 
as follows: 

"The evidence that the main drainage lines of central Washington were estab- 
lished before the present relief was initiated is cumulative and abundant. The rivers 
began to flow when Lake John Day was drained and had their courses determined by 
the slope of the surface of the bottom of the old lake. Since then mountain ranges 
have been formed by faulting, but the larger streams, i. e., the Columbia and Yakima, 
were able to cut down their channels as rapidh' as the ridges were upraised athwart 
their channels."^ 

The structure of the range is thus described: 

**It seems probable that the Cascades are formed to a large extent of tilted 
blocks of basalt which were origmally horizontal, and belong to the same series as 
the Columbia [River] lavas farther east, which have been, in comparison, only 
moderately disturbed. The Cascade Mountains, at least in the State of Washington, 
do not seem to have been formed mainly by the piling up of erupted material, as has 
been suggested in explanation of their origin farther south, but are due to the 

a A geological reconnaissance in central Washington. Bull. U. 8. Geol. Survey No. 108, pp. 20-25. 

<>Thifi has later been termed by Russell the Columbia River lava. 

clbld., p.24. dibld.. p.97. 
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LITEBATURE. 11 

uplifting and tilting of previously consolidated lava sheets, as well as of granite and 
coal-bearing strata, which occur high up on each flank of the mountain, and even 
form portions of the main divide. The great volcanoes which appear so prominent 
along the general trend of the range are secondary to the main mountain building."*' 

In a later publication* Professor Russell describes more fully the Columbia 
River lava, and states that its maximum thickness in the Snake River region is 
over 5,000 feet. ^ The geologic history of the whole of the Columbia Plains area is 
sketched.^ In early Tertiary times there were mountains in what is now northern 
Washington and eastern Idaho, but the central and southern portions of the Cascades 
were not yet in existence. In the area now including the great plain of the Columbia 
sedimentation went on in early Tertiary times, clays and sands being deposited, with 
accumulations of vegetable matter later changed to coal. Upheaval of these sedi- 
ments *' brought these once level sheets of rock above the sea and raised them into a 
mountain range, the southern Cascade." Erosion followed this upheaval, and later 
came the eruptions of the basaltic lavas which were spread over thousands of square 
miles. Succeeding the volcanic outbursts came lacustral sedimentation in broad 
lakes, probably formed "by the upheaval of the Cascade Mountains." These 
Miocene sediments are those which Professor Russell earlier called the John Day. 
Since the draining of the Miocene lakes Snake River has performed an immense 
task, having carved in the basalt plateau a gorge about 15 miles broad at the top 
and in places about 4,000 feet deep. 

A later paper gives a fuller development of Professor Russell's ^ interpretation 
of the geologic history of the Cascade Range. The geologic formations are more 
fully described, mention being made of the older metamorphic schists, the igneous 
rocks, granite, greenstone, and serpentine, the sedimentary rocks of pre-Cretaceous, 
Cretaceous, and Tertiary age, and the Columbia River lava and volcanic rocks of 
Glacier Peak. On the subject of the structure of the northern Cascades Professor 
Russell says: '' It will be seen that the structure of the range is highly complex, and 
is by no means a single great, north-south anticline, or a simple monoclinal block 
sculptured by erosion."^ Attention is also called to lateral folds and faults on the 
eastern side of the range in central Washington, and the age of these secondary 
disturbances is shown to be late Tertiary or post-Tertiary, and apparently 
contemporaneous ''with the latest great upward movement in the Cascade Mountain 
mass." Again the author notes the antecedent character of the Columbia and 
Yakima, which cross in narrow gaps these "tilted blocks." The origin of the range 

a A geological reconnaissance in central Washington- Ball U S. Geol. Survey No. 108, p 30. 
6 A reconnaissance in southern Washington. Water-Sup. and Irr. Paper No 4, U 8 Geol Survey 
olbid., p. 42. rt Ibid. pp. 88-93. 

eA preliminary paper on the geology of the Cascade Mountains in northern Washington* Twentieth Ann. Rcpt. 
U. 8. Geol Survey, pt 2. 
/Ibid, p 137 



12 CONTRIBUTIONS TO GEOLOGY OP WASHINGTON. 

is thus stated: "The Cascade Mountains, as we know them, seem to have been carved 
from an upraised peneplain. This plain we term the Cascade peneplain, and the 
plateau may be conveniently designated the Cascade plateau."** Russell's hypothesis 
of a Cascade peneplain rests upon the presence of truncated folds, stream erosion 
having reduced the whole region nearly to sea level. '* During the later portion of 
the time of base-leveling, the widely spread sheets of Columbia [River] lava were 
poured out. The date of the period of planation is shown approximately by the 
fact that folded beds of Ik)cene age were truncated. The broad peneplain must 
therefore have reached its greatest degree of perfection in late Tertiary time, 
probably extending into the Pleistocene."* It will be noted that the epoch of great 
basalt eruptions is thus included in the period of reduction to base-level. 

In brief, ProfeSsSor Russell's ''conception of the origin of the larger topographic 
features of the northern Cascades is that the region, having a complex structure, 
was reduced by erosion to a condition of low relief, and at a later date than the folding 
of the Tertiary sediments and the outspreading of the Columbia [River] lava was 
broadly upraised about 7,500 feet in the axial region. The courses of the larger 
streams were then established and the plateau was deeply dissected."^ The author 
then describes the extent to which the dissection of the Cascade plateau has proceeded, 
and mentions in this connection the striking feature that the larger streams of central 
Washington, of which Yakima River is the best example, have carried the low grade 
far back toward the axis of the range. ^ It is also noted that the courses of the 
streams are in a marked way independent of the structure of the upraised region.' 

In attempting to determine the position of the upraised peneplain surface. 
Professor Russell observes that no recognizable flat-topped remnants of the original 
plateau are to be found in the more elevated portions of the range, but that the 
sharp-crested ridges and acute peaks may testify to a general diminution in height 
in the case of the soft rocks, while the harder rocks, such as the granites, more 
nearly approximate the original elevation of the plateau. Such evidence that the 
surface of the Cascade plateau has been somewhat lowered by erosion is not 
thought by Professor Russell to be conclusive.-^ 

In a later paper,^ Professor Russell goes into a discussion of the character of the 
plateau which was built up by the Columbia River lava. Taking as a premise the 
general parallelism of the succession of the lava flows as exposed in canyon walls, 
he argues that during the period of eruption there were no general movements such 
as would cause unconformities within the Columbia River series. This lava is 



« A preliminary paper on the geology of the Cascade Mountains in northeni Washington: Twentieth Ann. Rept., 
U. S. Geo]. Survey, pt. 2, p. 140. 
• b Ibid,, p. 144. e Ibid., p. 142. ^ Ibid., p. 146. t Ibid., p. 150. / Ibid., p. 141. 

The geology and water resources of Nez Perces County, Idaho: Water-Sup. and Irr. Paper No. M, U. S. Geol. Survey. 




^'■-^• 






UJ 

ca 



FORMATIONS. 13 

believed to have been poured out in a ''series of vast inundations over a deeply 
eroded land surface." Since the series is in places over 4,000 feet thick, if there was 
no subsidence during the period of eruption the surface of the last flow must have 
had at least that elevation above the sea. That there were no movements producing 
a depression during the period of eruption is believed by Professor Russell on the 
grounds that there are no marine sediments interbedded with the lava sheets; and 
neither have unconformities been detected in the eastern portion of the area covered 
by the Columbia River lava. On this account the horizontal surface of the lava 
plateaus in eastern Washington and Oregon and the adjacent part of Idaho should 
have an elevation of at least 4,000 feet or more above the sea. On the contrary, the 
elevation of such plateaus is between 3,000 and 8,300 feet, and this diflference of 
approximately 1,000 feet is supposed by Russell to indicate a general subsidence of 
the eastern portion of the lava region. In his discussion of the drainage of this area 
Professor Russell, however, still regards Snake River where it crosses the lava 
plateau as an antecedent stream. 

GEOIiOGY. 

FORMATIONS. 

The two quadrangles which this paper chiefly describes contain rocks of various 
ages. The geologic section is fairly representative for the whole State, and its dis- 
cussion is therefore of more than local interest. Pis. Ill and IV show the geolog}' 
of characteristic portions of the two quadrangles. The separation of the older and 
the younger rocks is an obvious one, and would be noted by any close observer. In 
a general way it may be stated that within this area the oldest rocks lie to the north, 
in the vicinity of Mount Stuart, and the youngest to the south. To describe this 
section as a southward-dipping monocline, however, would be misleading, since 
this would disregard the many marked unconformities which separate the diflferent 
formations. 

In this chapter the rocks will be grouped according to age as pre-Eocene, Eocene, 
and Miocene and later. The first class includes rocks that are unfossiliferous and 
plainly more or less altered, with intrusive rocks predominating. Above the base 
of the Eocene the rocks are fresher in appearance and contain fossils by which their 
exact age is determined, while the igneous rocks are chiefly surface volcanics. The 
Miocene rocks are so fresh appearing that in places it is diflicult to distinguish them 
from recent deposits. Thus it will be seen that the grouping adopted is a natural 
one. 

These formations are more fully described in the Ellensburg folio, No. 86, and 
the Mount Stuart folio, which is in the course of publication. 
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FRE-EOCENE. 

Easton schist. — ^This is probably the oldest rock to be foand in central 
Washington. It is not shown apon either of the accompanying geologic maps, 
bat occupies a few square miles in the southwestern part of the Mount Stuart 
quadrangle and extends westward into the Snoqualmie quadrangle. Here it forms 
in large part the southern wall of the Yakima Valley, and is especially prominent 
southeast of the town of Easton. 

The Easton schist is typically a silver-gray or green rock, composed principally 
of quartz and micas. The schist is extremely crumpled and is gashed and seamed 
with veins and stringers of quartz. Associated with this quartz-mica rock are other 
schists, containing hornblende or epidote, while quartzite is also found. The 
occurrence of this quartzite in close association with the schists is believed to 
indicate the sedimentary origin of the schists. 

Peshaatvn formation, — South of the Mount Stuart massif occurs a series of 
sedimentary rocks that may rank next to the Easton schist in age. These are black 
slate, with grit or conglomerate, and bands of black chert and lenses of light-gray 
limestone interbedded ¥nth the slate. In places these rocks show metamorphism by 
the igneous rocks with which they are in contact, and nowhere in the many expos- 
ures of this formation have any traces of fossils been discovered. 

It seems plausible to assign this sedimentary formation to the Paleozoic, and it 
is possible that it is of Carboniferous age. This age determination rests simply 
upon a general resemblance of the formation to the Carboniferous rocks of the 
Sierra Nevada and of British Columbia. Rocks also strikingly similar to the 
Peshastin formation are found in the Blue Mountains of Oregon and in the Okanogan 
Valley in northern Washington. 

Hawkins formation, — This is a volcanic series of flow-breccias, tutfs, and 
amygdaloids. These rocks are dark colored, green, or purple, extremeh^ altered, 
and everywhere exerting a marked influence upon the topography, rough slopes with 
ragged crests l>eing characteristic of this formation. While composed largely of 
secondary minerals, these lavas and tuflfs preserve their original textures, and 
microscopic study shows that the rocks were originally composed of augite and 
plagioclase, with diabasic texture. The whole series undoubtedly represents surface 
lava flows with associated tuflfs. The Hawkins and Peshastin formations have been 
intricately mingled by close folding, while subsequent intrusions of igneous rock 
have also obscured relations. 

JgneomroclcH, — Surrounding the older rocks just described are great belts of 
serpentine. This rock is intrusive, and its extent within the Mount Stuart quad- 
rangle is important, since it covers nearly 50 square miles. The serpentine is an 
altered phase of peridotite, the latter rock being found in its original state at many 
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EOCENE. 15 

places in the area. No rock can be more varied in color or in physical characters 
than is this serpentine. It ranges from bright red to light green in color, and forms 
bold crags with gigantic talus ^blocks below, or rounded hills covered with fine 
shingle resembling broken glass. 

The serpentine and older rocks in which it is intruded contain gold and copper 
veins. Locally such veins have been found to be very rich, but the amount of low- 
grade ore far exceeds these bonanzas. 

This serpentine is intrusive in the Peshastin and Hawkins fomiations, but is 
itself cut by dikes of light porphyritic rock. Tliese latter are doubtless connected 
with the great batholith which forms Mount Stuart. The rock of the batholith is a 
typical granodiorite, often containing quartz, but too basic to be called a granite. 
It is a gray granular rock, quite granitic in appearance. Generally fresh and unaf- 
fected by surficial alteration, its constituent minerals can be seen to be white feld- 
spar, black mica, and hornblende, with a few grains of quartz. The granodiorite is 
everywhere massive, but is jointed and sheeted, this feature giving rise to the spire 
and minaret details so characteristic of the crest line of Mount Stuart. Dikes of the 
granodiorite can be traced extending out into the serpentine, so that it is plainly the 
youngest of the pre-Eocene rocks. 

EOCENE. ^ 

Swauk fonnation. — The oldest of the four Eocene formations is the Swauk 
formation, a series of sandstone, conglomerate, and shale, measuring in places at 
least 5,000 feet in thickness. The age is definitely determined as early Eocene by 
the fossil flora, and the basal beds are seen to be separated by a great unconformity 
from the formations upon which they rest. The conglomerate beds are mostly in 
the lower part of the section and the basal oonglomemtes are often peculiar in that 
the pebbles and bowlders are derived almost wholly from the rock upon which the 
conglomerate rests. Thus, the conglomerate may be composed of granodiorite 
bowlders in an arkose matrix or of serpentine blocks embedded in a sand of the 
same composition. The sandstone is for the most part arkose in character, although 
to the east the sediment shows better sorting and is more quartzose. The shale is 
often quite carbonaceous and rich in fossil leaves. 

This formation is of economic importance from the gold veins it contains in the 
Swauk Basin. Most of the gold, however, is found in placers, but the gravels have 
all been derived from the Swauk formation and the gold is coarse and has not been 
carried far from the parent ledge. 

Teamiway hasalf, — Overlying the Swauk sandstone and separated from it by a 
slight unconformity is a volcanic formation. The Teanaway basaltic series comprises 
lava flows and interbedded tuflfs. The basalt is black and very compact and makes a 
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piK)minent rock. The tuffs are very irregular in their distribution and the thickness 
of tlje whole series varies within the area from thousands of feet to a few hundred. 

This basalt has been termed by Russell the lowest or first sheet of Columbia 
River lava, but its importance in the stratigraphy of the region seems to warrant a 
more definite separation from the Miocene lava to be described later. The most 
striking feature of the Teanaway basalt is the occurrence of hundreds of dikes which 
cut through the underlying Swauk formation and connect with this surface flow. 
The opportunity is afforded for observing almost diagrammatically the evidence that 
these basalt flows were erupted through many fissures, and for the most part the 
eruption appeared to be unaccompanied by any disturbance of the underlying rocks. 

Roslyn formation, — This sedimentary formation overlies the basalt without any 
apparent structural break, but also without any evidence of transitional sedimenta- 
tion of interbedded sands and tuffs. A few pebbles of basalt in the basal beds show 
that locally there may have been erosion of the lava before the sedimentary beds 
began to be deposited. The Roslyn formation contains sandstones and shales, resem- 
bling the earlier Eocene sediments somewhat. Carbonaceous material becomes more 
important in the upper portion of the formation, where there are several beds of 
coal. The Roslyn coal seam is of commercial importance, and excellent steam coal 
is mined in quantities that give the Roslyn mine the first place among the coal mines 
of Washington. 

Manasta^h formation, — So far as known this formation is limited to the south- 
western part of the Mount Stuart quadrangle and the adjacent portion of the Snoqual- 
mie quadrangle. It is a series of sandstone, shale, and conglomerate beds, con- 
taining some seams of carbonaceous material, mostly bone. Fossil plants from the 
shales determine the age of the formation as Upper Eocene, and it is therefore to be 
correlated with the Clarno formation of the John Day Basin. Although these beds 
are somewhat younger than the Roslyn formation, which occurs a few miles to the 
north, the Manastash rests directly upon the old Easton schist, and this relation is 
believed to indicate nondeposition of the earlier Ek)cene sediments in this area. 

MIOCENE AND LATER. 

YaMma hasdlt, — ^This basalt of Miocene age covers a considemble area in the 
Mount Stuart quadrangle and the larger part of the Ellensburg quadrangle. It 
extends to the northeast, east, and south of these quadrangles, and also forms a 
portion of the higher part of the range west of the Ellensburg quadrangle. The 
base of this great series of lava flows is exposed at many points in the Mount 
Stuart quadrangle, and the lavas are here seen to rest unconformably upon the 
Eocene formations. This unconformity between the Yakima basalt and the Manas- 
tash formation fixes the age of the lava as early or middle Miocene. It is, in view of 
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the age determination, possible for this formation that the name Yakima has been 
applied to it. In earlier reports on centml and southeastern Washington, Professor 
Russell applied the names Columbia lava and Columbia Kiver lava to this rock. He, 
however, included not only the Miocene but also the Eocene and possibly the 
Pliocene basalts, as well as the hypersthene-andesite occurring along Naches River, 
which will be mentioned later as of Pleistocene age. It became necessar}" in 
course of detailed areal mapping to separate these various igneous rocks, and there- 
fore the name Yakima has been applied to this formation, which includes only the 
basalt flows and interbedded pyroclastics which are of Miocene age and thus constitute 
a series that can be taken as a unit since it represents the products of a volcanic 
activity uninterrupted by any other important geological process. The Yakima 
basalt is a normal feldspar basalt containing the usual constituents, plagioclase, 
augite, and olivine. It is commonly a glassy lava, and in some localities large masses 
of pure basalt glass can be found. The rock is always dull in color and no crystals 
can be distinguished except by means of the magnifying glass. In a few localities, 
notably Bald Mountain, in the Ellensburg quadrangle, the series includes large 
quantities of fragmental material, the yellowish tuffs including irregular blocks of 
jet-black glass, some of which undoubtedly represent bombs ejected from the center 
of eruption. Along Yakima River the tuff beds and scoriaceous lavas are less 
coDMnon than the compact lava. 

The number of lava flows in this series varies widely in different parts of the 
area. At no point is the whole series exposed. The sections shown in Yakima 
Canyon, where over 2,000 feet of basalt are exposed with neither the top nor base of 
the series visible, indicate that the actual thickness of the Yakima basalt is probably 
to be measured in thousands of feet, and 5,000 feet is undoubtedly a conservative 
estimate. The columnar structure is the most noticeable feature of the basalt where 
it is exposed in the canyon walls. 

In a portion of the Ellensburg quadrangle slightl}' later flows of basalt occur 
interbedded with the sandstone which overlies the Yakima basalt. These have been 
included in the Wenas basalt, which is a formation of only local importance. 
Similar sheets of basalt are doubtless to be found in other portions of the great area 
covered with Miocene basalt. 

ElleuHhury formation, — The onl}' formation in central Washington which is 
known definitely to be of Miocene age is the Ellensburg sandstone. Collections of 
fossil leaves made by Professor Russell in 1892 near Ellensburg and by myself in 
1900 in Kelly Hollow have afforded material for the determination of the age of the 
formation, which Dr. F. H. Knowlton fixes as late Miocene. This determination 
correlates the Ellensburg formation w4th the Mascall formation of the John Day 
14493— No. 19—03 2 
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Ba^io in Oregon. The Ellensbarg formation also resembles the Mascall in its oom- 
position. Both formations are composed largely of volcanic sediments, the sand* 
stones and shales consisting of the finely comminated andesitic material and the 
conglomerates containing pebbles and bowlders of andesitic lavas. In both cases the 
lava from which the sedimentary material was derived is not exposed within the area 
where the M^dimentary rocks have been studied. This volcanic series doabtleas 
occurs in the higher parts of the range to the west. 

Along Naches River over 1.500 feet of the Elleusburg formation are exposed, 
and the formation is characterized by coarseness of materiaK together with its 
prevailing andesitic composition, and also the common occurrence of stream bed- 
ding. A section of this formation exposed at White Bluffs, on Columbia River, 
is desi^rilied by Professor Russell '' as consisting of "fine, thin-bedded sand and clay, 
with layers of pure white volcanic dust." The field evidence, therefore, indicates 
that in the Yakima region the Ellensburg formation is to be considered as of 
fluviatile origin, while farther east along the Columlna the formation is plainly 
of truly lacustrine type. The cross stratification or stream bedding shows that the 
material was distributed by eastward-flowing streams. These stream sediments vary 
considerably in thickness within short distances, as would be expected, and at some 
points the stratification is so confused that individual beds can not l>e traced far. At 
IocaIiti(*s, lK>th in the Ellensburg and the Mount Stuart quadrangles, bowlders of 
andesite measuring at least 5 feet in diameter have been found in the Ellensburg 
conglomerate^ proving that powerful currents must have transported the material. 

iMffr lavoH, — The lava from which the Ellensburg sediments were derived was 
light-colored and contained hornblende as an original constituent. Later lavas of 
a somewhat different type occur in central Washington. The most prominent of 
these is the hypersthene-andesite which forms a long lava stream extending from 
the Tieton I^sin west of the Ellensburg quadrangle down Tieton Canyon and 
along the Na<!h(;s Valley nearh^ to Yakima River. This lava was erupted after the 
basalt and Ellensburg rocks had l)een uplifted to their present positions, and at a 
time; when the topography was essentially the same that it is to-daj'. The lava 
is, there.fore, of Pleistocene age, and where not exposed to erosion by Tieton River 
the lava stream preserves the form which it took when it (?ame to rest. The surface 
of the andesite plateau between Naches River and Cowiche Creek is exceedingly 
hunimo(;ky and full of undrained basins, while its margins, which have been affected 
by stream erosion, show the radiating columns into which the lava parted at the 
time of its (consolidation. 

Scmii^what different lavas occur on the middle fork of Teanaway River, where 
rhyolitic rock is seen to rest upon the eroded surface of the older rocks. The age of 

a Bull. r. S. (Jeol. Survi-y No. 108. p. 97. 
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this lava is somewhat problematical, but evidently it is considerably younger than 
the Eocene rocks with which it is in contact. 

Pleistocene^ dejKmU, — In the heart of the Cascade Range the valleys of the 
larger streams exhibit abundant evidence of glaciation. Within the area here 
described glacial deposits are not found except in the vicinity of Mount Stuart, 
which was a local center of glaciation. The valleys of Yakima River and most 
of its tributaries within the Mount iStuart quadmngle are gravel tilled. These 
valley gravels attain great prominence in the upper valley of the Yakima and 
plainly once tilled it to a considerable height, and diamond-drill records indicate 
that the river has not yet reached its former tloov. The gravel terraces constitute 
a noticeable feature here, but are much less important than similar terraces upon 
the Columbia, which will be mentioned by Mr. Willis. In the Swauk drainage 
Imsin these terrace gravels are auriferous and have l>een mined for many years. 

STRUCTURE. 

Certain of the structural features have been mentioned in the foregoing 
description of the formations. A more complete statement of what has been 
learned concerning the geologic structure of the region will be given here, since 
the area affords excellent opportunities for studying the course of events in the 
dynamics of the mountain building. The two quadrangles present two types of 
structure, but }x)th are representative for the Cascade Range. 

MOUNT STUART QUADRANGLE. 

The oldest rocks were intricately folded and faulted before the intrusion of 
the peridotite, and this accounts for the greater metamorphism which characterizes 
the schists, slates, and greenstones. The intrusive peridotite, now largely altered 
to serpentine, appears to have suffered similar dynamic action, but its record of 
deformation is doubtless much less signiticant. The rock is commonly crushed and 
sheared, but this condition indicati^s rather a lack of resistance on th(» part of the 
soft serpentine than intensity of the deformation forces. In fact, in large measure, 
the development of the zones of sheared material within the serpentine mass may 
have been due to the expansion incident upon the serpentinization of the peridotite. 
This alteration, with the resulting crushing, is known to })e pre-Eocene in age, since 
the bowlders with slickensided surfaces, so characteristic of the zones of shearing, 
are found in the basal conglomerates of the Swauk formation. 

The jointing of the granodiorite is its only structural feature, since nowhere is 
the rock schistose. This batholithic intrusion doubtless played a considerable part 
in the pre-Eocene structure of the region, but no deformation of the older rocks can 
be detinitely traced to this igneous rock, unless the hydrothermal alteration of the 
peridotite may be attributed to the intrusive granodiorite. The presence of small 
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dike-s extending from the latter rock into the adjacent serpentine shows the absence 
of any later differential uplift of the massive granodiorite. 

The earlier Eocene rocks api:>ear to have been su})jected to defonnation soon 
after their deposition. The folds are open, with steep inclination of the stmta 
exceptional. Within the area south of the Mount Stuart massif, a half dozen folds 
may Imj traced, the anticlines and synclines having axes which trend northwest- 
southeast. This structure, in part at least, antedates the eruption of the Teanaway 
basalt, since that rock lies upon the somewhat eroded folds of the Swauk sandstone. 
Lat<»r, however, these folds may have been further developed. 

The manner in which the rocks of the Swauk formation nearly encircle the 
Mount Stuart massif suggests that this forms the center of a great dome-shaped 
uplift, with the Tertiary formations dipping outward. The areal distribution favors 
this simple explanation of the structure, but detailed study of the various formations 
makes it plain that a careful distinction must be made between the different move- 
ments that have contributed to the sum total of deformation. The attitude of the 
Mount Stuart massif at the commencement of the Ek)cene sedimentation can not be 
determine<l, except that this mass of granodiorite is known to have furnished the 
bulk of the detritus for the Swauk sediments. These strata on the south side of 
Mount Stuart then became folded, as had just been described, and uplifted so as to 
suffer erosion. If the structure developed at this time may be determined by the 
distribution of the basaltic lavas which flowed out in the succeeding epoch, it appears 
that there was not only an elevation in the vicinity of Mount Stuart, but also on the 
eastern and the southern part of the Mount Stuart quadrangle. The rise of the 
Wenatchee Mountains dome docs not appear to have been so prominent a feature at 
this time as the development of an east-west trough in the central portion of the 
Mount Stuart quadrangle. In this depression, the molten lavas consolidated and the 
tufis were laid down, and later the Roslyn sediments were deposited, the latter 
formation possibly covering in its original extent an even more limited area than 
did the Teanaway basalt. 

Cle^ilum Ridge, which bounds the Yakima Valley on the south, has certain 
topographic chamcters suggestive of a fault scarp. The structural relations show, 
however, that this marks the southern side of the syncline developed in the Teanaway 
and Roslyn formations, and its topographic prominence is due to the older rocks 
which rise here above the Eocene stratii to the north. In middle Miocene tune this 
iidge had much the same relative prominence, a,s is shown by the way the Yakima 
basalt abuts against and caps it, while tilling the neighboring depressions. This 
po-^t-Roslyn folding may have been coincident with the deformation of the Manastash 
strata, and thu> belongs to the close of the Eocene period. 
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ELLENSIJURG gUADRANGLE. 

The post-Miocene deformation can be studied best in this quadrangle, where 
only Miocene formations are present. Yet, while pre-Miocene structures can thus 
be avoided here, it is necessary to distinguish between the flexing or moderate fold- 
ing to which the Yakima basalt and the Kllensburg sediments were subjected soon 
after the deposition of the latter, from a later movement which affected the same 
rocks. These later structural features are so closely connected with the topographical 
features of the area that their discussion will be given under the heading "Physi- 
ography." 

In the present connection, however, it may be well to call attention to a certain 
structural feature of the Yakima basalt. This is the almost universal occurrence of 
parting or jointing in the rock, b^^ which the lava sheets are divided into the typical 
basaltic cohmins. This contraction parting took place normal to the surface of the 
lava flow\ so that where the basalt has its original position undisturbed the joints are 
vertical. The presence of innumerable joints of this character, of course, would 
greatly facilitate the flexing of the basalt sheets, and, since the Yakima basalt is the 
more important formation in the Yakima region, this feature must not be disregarded 
in any consideration of the deformation of this area. Furthermore, this may serve 
to explain why the post-Miocene deformation, which will later be described as taking 
place at the surface, was not of the nature of faulting as that term is generally 
accepted. The structural ridges are not "tilted blocks" but anticlines." 

HISTORY. 

The geology of central Washington may be best summarized by a brief resume 
of the geologic history of the area. 

The oldest rocks, probably of Paleozoic age, furnish a record of sedimentation 
and volcanism, but this record has })een greatly obscured by the altered condition of 
these rocks. This metamorphism in turn tells of the orogenic movements to which 
the rocks have }>een subjected and of the action of intrusive magmas. 

The great intrusions of peridotite and granodiorite probably })elong to the 
Mesozoic, and w(M'e events of the first importance in the history of this portion of 
the Cascade Range. The period of erosion subsequent to these intrusions was of 
sufficient length to allow these deep-seated bodies to be uncovered and deepl}' 
dissected. 

From these eroded old(M' rocks was derived the material for the Eocene sedi- 
ments, and the process of sedimentation appears to have b(»en a rapid one within 
this area, ^nne several thousand feet of granitic sands and other sediments were 
d(»posited in early Eocene time, l)efor(» uplift again inaugurated erosive activity. 

"'IhisHb^c'iH.o of fauliJ> 111 UnsHU'ji im^ Uwu «li>(Mis-eM m a recent pajHjr by the author— Anticlinal raounUim ndKCH m 
central Washinirtou Jonr (U'oi Vol XI l'.»03 pp 1(^-177 
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Then began the first basaltic eruptions, the forerunners of the greater volcanism of 
the Miocene. This volcanic activity was succeeded by the quieter processes of 
sedimentation, by which the Roslyn sandstone was deposited in middle Eocene time. 
Somewhat later, in an adjacent area, the deposition of the Manastash sediments took 
place, and the Eocene period closed with the uplift and folding of all of these 
Ek>cene formations. 

Erosion continued well into the Miocene within this area, but ceased with the 
beginning of the great eruption of basalt, the many flows of which covered the 
greater part of central Washington like a molten sea. Immediately succeeding this 
epoch of volcanism came the deposition of the Ellensburg formation, thick deposits 
of stream sands and gravels, brought down from a volcanic area to the west. 

Mountain-building movements followed this sedimentation of the later Miocene, 
and again erosion began to cut away what had been uplifted. The Pliocene and 
post-Pliocene history is recorded in the topography, and will therefore be discussed 
in the following chapter. 

Even this brief summary is sufficient to indicate how eventful has been the 
geologic history. Especially in Tertiary time is it true that this region has been 
one with relatively many changes. The many well-marked unconfoiinities testify 
to the frequency of these geologic revolutions, so that geologic formations are 
. easily separated upon the basis of structural breaks, whereas in other provinces 
such subdivision would need to be based wholly upon paleontologic evidence. 

PHYSIOGRAPHY. 

TOPOGRAPHIC DESCRIPTIONS. 
MOUNT STUART REGION. 

Mount Stuart, 9,470 feet high, lies 15 miles east of the main crest of the Cas- 
cade Range, and forms the culminating peak of the Wenatchee Mountains. These 
mountains constitute a secondary range transverse to the general trend of the Cas- 
cades, but are characterized by the same rugged topography as the main range. 
The mountain crests are deeply carved into spires and crags, while precipitous slopes 
descend into glacial amphitheaters where remnants of glaciers still persist. South of 
Mount Stuart, and extending almost to Yakima River, there is a belt of hardly less 
rugged topography. Here the valleys are deep and canyon -like and the divides 
are sharp and narrow. Dissection has apparently reached the extreme limit, and the 
topography may be termed mature. The gradient of the streams is largely deter- 
mined by rock hardness, and many of the minor topographic features, such as peaks 
and gaps in the crest lines of ridges, are also referable to varying resistance of the 
different rocks. PI. HI is a map of a portion of the Mount Stuart quadrangle, 
showing the topography typical of this area. 
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The southern part of the Mount Stuart quadrangle includes an area quite distinct 
in its topographic features from that described above. Here there is a transition 
into the type of topography characteristics of the Yakima region. While the streams 
may have canyons similar to those farther north, they are farther apart. The divides 
are broad and comparatively level topped. The valley of the Upper Yakima forms 
the dividing line between the two areas, and the surface geology is also quite different 
on the two sides of this valley, in the vicinity of Clealum. On the south the promi- 
nent escarpment of the Yakima basalt overlooks the river and on the north are the 
lower ridges of Eocene sandstone. However, the differences in topography are not 
wholly due to the geology, as will be shown in a later section of this paper. 

YAKIMA REGION. 

That part of Yakima County which lies adjacent to the course of the river of the 
same name possesses a topography that is unique. Its origin will be fully discussed in 
the following pages, so that onlj' a brief description is necessary here. In its general 
features this topography is very simple. Long canoe-shaped valleys, with inter- 
vening ridges, form a quite constant succession with the general trend transverse to the 
course of Yakima River. Some of the valley floors reach the river level while 
others lie several hundred feet above the bottom of the river canyon. The ridges 
rise from 1,000 to 3,000 feet above the valleys, with fairly gentle slopes and even 
crests, except where interrupted by the deep water gaps of the river. The relation 
of these ridges and valleys to the river may be seen in the sketch map of Yakima 
Canyon (PI. VI); and the topography of a typical portion of the region is given with 
more detail in PI. V. PI. II shows very well the character of Yakima Canyon 
where it cuts through Manastash Ridge. 

This description of the topography would be incomplete without mention of 
the landslides that are common in central Washington, a topographic form fully 
described by Prof. I. C. Russell in several papers. The active canyon cutting and 
favoring geologic structure has caused this area to afford wonderful examples of 
landslide topography. One of the best of these is on the southern slope of Cleman 
Mountain, and is well represented on the physiographic map (PL V). These land- 
slides vary in size from some to be measured by cubic miles of displaced rock to others 
involving less than an acre of surface. In age this range is scarcely less striking, 
certain landslides antedating the liigh terrace gravels deposited when glaciers occupied 
the Upper Yakima Valley, while other slides are of so recent origin that vegetation 
has not yet gained a foothold. 
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CASCADE LOWLAND, a 
I DENTI FICATION. 

As wa>* noted in the dLseussion of the literature, Professor Rassell finds in the 
plateau-like surface of the Cascade Mountains evidence of previous reduction of the 
reg'ion '• to a plain, or an approximately plain, condition nearly at sea level." This 
was the •'Casc-ade peneplain,'' the subsequent elevation of which resulted in the 
••Cascade plateau.'' In view, however, of the complete dissection of this plateau 
into a (fomplex of sharp ridges and peaks, as described by Russ^l, it is evident that 
lK>th plateau and peneplain are somewhat hypothetical. A general uniformity of 
altitude of the ridges and peaks of the central portion of the Cascades may be made 
out in I'ertain districts, but so frequently are other peaks seen which rise above this 
level that this class of evidence taken alone is far from conclusive. Indeed, this is 
lK»st appreciated by those who have been most earnest in their search for traces of 
the old i>eneplain. Furthermore, the date of the supposed planation has not hitherto 
l)een determined even approximately. 

The identification of possible remnants of the old lowland, if such a lowland 
existed, becomes most essential to the investigation of the later history of the Cas- 
cade region. By reasoa of the aridity of its climate and consequent slight erosion 
the conditions in the area along the lower course of Yakima River are most 
favorable for the preservation of land forms. Erosive activity is mostly confined to 
the larger streams which head in areas to the north and west where the precipitation 
is great<»r. Under such conditions it appears quite possible for deformation to 
outstrip erosion, with the result that the relation between structure and topogmphy 
becomes at onco both close and obvious. 

At first glance, the topography of this Yakima region is seen to be dependent 
upon structure. The ridges are anticlinal and the valleys synclinal. This relation 
necessarily involves a more or less perfect parallelism between the surface and 
the rock structure. The panillelism may or may not be easily observed, but the 
det(»rmi nation of the degree of this conform it}^ between structure and surface 
l)ecom(»s of the greatest importance. 

The first hypothc^.sis to suggest itself in the course of the field work in the 
nortli(»rn part of th(». area here discussed was that the anticlinal and nionoclinal ridges 
bounding th(» extensive Kittitas Valley were in a great measure pre-EUensburg. 
This valley with its floor of Ellensburg sandstone, horizontal or only genth^ inclined 
upward at the* borders, has the general featunvs of a structural basin in which lacus- 
trine se(liin(»nts have })(»en deposited. Such a view would involve an unconformity 

•» CiiscikIc Is hcrr uwmI jmri'ly in ii >f('(>KrHi>hi<r mmiso. To express the peri<Ml of development of this lowlaml. Mr. 
WIlllis'M term ' Methow " would be more exact, Hn<l its use Ix'ComcH necessiiry in his more detailed discussion of the sneees- 
sive HtHK<'N In the history oi the Caseade Kange. 
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between the Miocene lav^a and. the succeeding sediments, and the Ellennburg fonwa- 
tion would be found to occur only in the synclinal basins where it had been depos- 
ited. Further study of the area, however, showed that the distribution of the 
Ellensburg formation is too geneml to permit of its })eing considered a local deposit 
of the character suggested. 

The second explanation to be tested in the field was that the soft sandstones had 
been eroded from the crests and higher slopes of the anticlinal ridges, the Ellens- 
burg thus being left only in the lower parts of the synclinal valleys. This apparently 
was the opinion held by Professor Russell in his reconnaissance of the Yakima 
region. On this supposition, it was not pre-Ellensburg but post-Ellensburg move- 
ment that uplifted the anticlinal ridges of the area. Subsequent to the warping of 
the surface of the Miocene sediments, erosion removed the softer beds from the 
ridges, which determined the general distribution of the Miocene rocks as now 
observed, the upfolded basalt forming the ridges, and the Ellensburg sandstone 
occurring in the valleys between. In this way there w^as a perfect conformity 
between surface and structure, although with a subsequent destruction of this 
original surface, except in the floors of some of the basins or valleys, where the 
whole thickness of the sedimentary formation may have been preserved. The level 
tops of the ridges, therefore, while not preserving the original surface, would be 
parallel to it and in a way represent it, since the sheets of resistant basalt parallel to 
the original surface have determined the present surface. 

This second hypothesis also had to be abandoned because field evidence did not 
support it. The essential feature of conformity between surfax'C and structure was 
found to be wanting, so that it became evident that the true explanation is less 
simple. Where the even surface is best preserved, on the level crests of the ridges 
and on the long, gentle, and smooth slopes along the flanks of the same ridges, it is 
apparent that this surface does not parallel the underlying rock structure. The dip 
of the rock and the inclination of the sloj^e agree in direction but differ in amount. 
The rock dip commonly exceeds the slope, and higher beds occur in the valley than 
can be found on the ridges, and while such valleys may be unsymmetrical with regard 
to the slopes on either side, the rock folds are even less symmetrical. 

Tracing the rock slopes of the valley sides upward until the even crests of the 
ridges are reached, lower sheets of the basalt are successively crossed, until it is 
evident that the crests of the anticlines have suffered considerable erosion, so that 
the highest })eds are found in the synclinal valleys and the lowest on the crests of the 
anticlinical ridges. The result has becMi more than the (M-osion of the softer sandstone 
strata froni th(» ridges and their preservation in the neighboring valleys. The surface 
is thus an erosion product and cuts across both t\u\ folded Yakima basalt and 
Ellensburjr sandstone. 
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CASCADE LOWLAND, a 
IDENTIFICATION. 

As was noted in the discussion of the litemture, Professor Russell finds in the 
plateau-like surface of the Cascade Mountains evidence of previous reduction of the 
region " to a plain, or an approximately plain, condition nearly at sea level." This 
was the ''Cascade peneplain," the subsequent elevation of which resulted in the 
-'Cascade plateau." In view, however, of the complete dissection of this plateau 
into a complex of shai'p ridges and peaks, as described by RussqII, it is evident that 
both plateau and peneplain are somewhat hypothetical. A geneml uniformity of 
altitude of the ridges and peaks of the central portion of the Cascades may be made 
out in certain districts, but so frequently are other peaks seen which rise above this 
level that this class of evidence taken alone is far from conclusive. Indeed, this is 
best appreciated by those who have been most earnest in their search for traces of 
the old peneplain. Furthermore, the date of the supposed planation has not hitherto 
been determined even approximately. 

The identification of possible remnants of the old lowland, if such a lowland 
existed, becomes most essential to the investigation of the later history of the Cas- 
cade region. By reason, of the aridity of its climate and consequent slight erosion 
the conditions in the area along the lower course of Yakima River are most 
favorable for the preservation of land forms. Erosive activity is mostly confined to 
the larger streams which head in areas to the north and west where the precipitation 
is greater. Under such conditions it appears quite possible for deformation to 
outstrip erosion, with the result that the relation between structure and topography 
becomes at once both close and obvious. 

At first glance, the topography of this Yakima region is seen to be dependent 
upon structure. The ridges are anticlinal and the valleys synclinal. This relation 
necessarily involves a more or less perfect parallelism between the surface and 
the rock structure. The parallelism may or may not be easily observed, but the 
determination of the degree of this conformity between structure and surface 
becomes of the greatest importance. 

The first hypothesis to suggest itself in the course of the field work in the 
northern part of the area here discussed was that the anticlinal and monoclinal ridges 
bounding the extensive Kittitas Valley were in a great measure pre-EUensburg. 
This valley with its floor of Ellensburg sandstone, horizontal or only gently inclined 
upward at the borders, has the general features of a structunil basin in which lacus- 
trine sediments have been deposited. Such a view would involve an unconformity 

f«('aj<cnde is here ust^d purely in u Kcographie seiiHe. To express the pericKl of development of this lowland. Mr. 
Willis's term ' Methow" would be more exju't, and its use becomes necessary in his more detailed discussion of the stieces- 
sivc stages in the history of the Cascade Range. 
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between the Miocene lava and. the succeeding sediments, and the Ellensburg forma- 
tion would be found to occur only in the synclinal basins where it had been depos- 
ited. Further study of the area, however, showed that the distribution of the 
EUensburg formation is too general to permit of its being considered a local deposit 
of the character suggested. 

The second explanation to be tested in the field was that the soft sandstones had 
been eroded from the crests and higher slopes of the anticlinal ridges, the EUens- 
burg thus being left only in the lower parts of the synclinal valleys. This apparently 
was the opinion held by Profesvsor Russell in his reconnaissance of the Yakima 
region. On this supposition, it was not pre-Ellensburg but post-Ellensburg move- 
ment that uplifted the anticlinal ridges of the area. Subsequent to the warping of 
the surface of the Miocene sediments, erosion removed the softer beds from the 
ridges, which determined the general distril)ution of the Miocene rocks as now 
observed, the upfolded basalt forming the ridges, and the EUensburg sandstone 
occurring in the valleys between. In this way there was a perfect conformity 
between surface and structure, although with a subsequent destruction of this 
original surface, except in the floors of some of the basins or valleys, where the 
whole thickness of the sedimentary formation may have been preserved. The level 
tops of the ridges, therefore, while not preserving the original surface, would be 
parallel to it and in a way represent it, since the sheets of resistant basalt paniUel to 
the original surface have determined the present surface. 

This second hypothesis also had to be abandoned because field evidence did not 
support it. The essential feature of conformity between surface and structure was 
found to be wanting, so that it became evident that the true explanation is less 
simple. Where the even surface is })est preserved, on the level crests of the ridges 
and on the long, gentle, and smooth slopes along the flanks of the same ridges, it is 
apparent that this surface does not parallel the underlying rock structure. The dip 
of the rock and the inclination of the slope agree in direction but ditt'er in amount. 
The rock dip commonly exceeds the slope, and higher beds occur in the valley than 
can be found on the ridges, and while such valleys may be unsymmetrical with regard 
to the slopes on either side, the rock folds are even less symmetrical. 

Tracing the rock slopes of the valley sides upward until the even crests of the 
ridges are reached, lower sheets of the basalt are successively crossc^d. until it is 
evident that the crests of the anticlines have suffered considerable erosion, so that 
the highest })edsare found in the synclinal valleys and the lowest on the crests of the 
anticlinical ridges. The result has l)een more than the erosion of the softer sandstone 
strata from the ridges and their preservation in the iKMgh boring valleys. The surface 
is thus an erosion product and cuts across both the folded Yakima l)asalt and 
EUensburg sandstone. 
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This beveling of rocks as widely different in their resistance to erosion as the 
hard, compact basalt which withstands the attacks of stream corrasion and the soft 
friable sandstone easily eroded even by the desert winds is especially noteworthy in 
connection with the present discussion. The absence of any scarp or other topo- 
graphic form expressive of differential resistance of the two rocks indicates a long 
continuance of the erosive activities producing this surface. Such perfection of 
planation could not be expected much short of reduction to a baselevel, so that the 
natural deduction from these observed facts is the former presence of an essentially 
level lowland over the area. Therefore, the third hypothesis was adopted in the 
field, namely, the ridges and valleys of the Yakima region represent a warped lowland 
surface. The relation of this surface to the rock structure is not a simple one. The 
reduction of the area of previously folded rocks to a lowland caused any perfect 
conformity between the surface and the structure to be very exceptional, while on 
the other hand, the general or approximate parallelism between the two as observed 
at many points becomes explicable from the fact that the wai-ping of the lowland 
surface was in the main along lines coincident with the axes of prelowland folding. 
This double deformation resulted in steeper dips for the rock strata, which were 
subjected to both movements, and more gentle inclination of surface slopes which 
have been affected only by the later warping. 

DEVELOPMENT. 

The extent of this Cascade lowland and the degree to which it was developed 
may next be considered. In the Yakima region exceptional conditions favor its 
preservation, and the recognition of this physiographic feature is easy. Detailed 
mapping reveals the fact that the Cascade lowland was, in this area at least, a com- 
paratively perfect one. Remnants of the old lowland now uplifted on the flanks of 
the anticlinal ridges are seen to have a remarkably uniform surface. On the sketch 
map of a portion of the EUensburg quadrangh* (PI. V) are indicated the portions of 
the old lowland surface that have escaped destruction by later erosion. In the Held 
the evidence appears much less fragmentary than on the map. The narrow gulches 
that score the sides of the ridges are unsuspected when one looks along the slope. 
What is seen is a gently inclined featureless surface extending from the even crest of 
the ridge to the valley floor below, often without a perceptibh* break. This surface 
is commonh^ covered with basaltic debris, usually (|uite coarse, which has been 
derived from the basalt exposed in the immediate vicinity. On some very gentle 
slofM?s a thick deposit of fine silt is found. Whether or not this may represent 
a lowland dejx)sit can not be definitely stated, but its present distribution is in part 
due to wind action. 

On this planation surface it is often impossible to tnute the contact between the 



UJl 
Ujl 



1 







I. 






OS 



W 
X 

O 

o 
o 

< 
O 

% 

o 

CO 



2 
o 



II 



CASCADE LOWLAND. 



27 



two formations. The accompanying illustration (fig. 1) shows such a case, and is 
di^awn from a photograph of the spur east of Kelly Hollow on the southern slope of 
Umptanum Ridge. This may be considered the type locality for the recognition of 
the lowland surface. The plateau is several hundred yards in width and over a mile 
in length, and preserves its even surface to the very brink of the steep-sided gulches 
that bound it on the east and west. The surface is thickly strewn with angular 
bowlders of basalt, and there is not the slightest indication of the contact between 
the Yakima basalt and the overlying Ellensburg sandstone. On either side, however, 
on the walls of the gulches the position of this contact can be accurately fixed and 
its dip seen to be 20°. Here, then, the planation was complete and the resultant 
lowland surface is perfectly preserved. 




Fi(t. 1.— Contact of Ellcn»bnrj; sandstone uixi Yakinm basalt — E. Ellensburg; B, Basalt. 

^Thc profile of the deformed lowland, with the relation of tiiis surface to the rock 
structure, is well shown in the section on PI. VI. This section extends from Ellens- 
burg to the vicinity of North Yakima, and while in a general way it is parallel to the 
accompanying 'nap, it was made to follow as far as possible the unmodified spurs 
betweiMi the gulches that hayo been cut into the slopes. It represents, therefore, as 
well as a true section can, the lowland surface now warped to form the ridges and 
valleys of this area. 

On the slopes of Manastash Ridge, Umptanum liidge, Cleman Mountain, Cowiche 
Mountain, rtelali Ridge, and Atanum or Yakima Ridge remnants of the Cascade 
lowland can be detected. Farther north, in the Kittitas Valley, the old surface may 
be recognized on the slopes of Table Mountain and of Lookout Peak, where the 
inclination of the surface is seen to be less than the rock dip, in the sloping surface of 
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the even-topped terrace of EUensburg sandstone alonf^ Yakima River, and in the 
flat-t^jppexl me.sa of similar material near the Normal School Building in EUensburg. 

The identification of the old lowland surface becomes more difficult outside the 
area here de8cril)ed. Eastward, undoubtedly it can })e traced to the plain of the 
Columbia, and to the northeast the even surface of Table Mountain appears to be 
continued in the even-crested but lower ridges just south of the mouth of Wenatchee 
River. Table Mountain thus serves to connect physiographically the Yakima 
region with the area described by Willis in the second part of this pa|)er. 
North of lookout Mountain, in the Mount Stuart quadrangle, as may have l>een 
inferred from the description of the topography, there are no traces of a |)eneplain 
surface. In the western portion of the EUensburg quadrangle, where the ridges 
mentioned above unite to form a broad plateau, the distinction can not be made with 
certainty l)etween the old surface and a possible later erosion feature, which may be 
determined by the gentle monoclinal structure of the basalt. Especially is this true 
on account of the absence of the EUensburg sandstone and the consequent lack of 
the best criterion for the recognition of the old lowland surface. 

The evidence of the reduction of a large area of folded Tertiary rocks to form 
the Cascade lowland appears conclusive. The date of the development of this low- 
land is fairly well determined, since folds involving late Miocene strata are trun- 
cated, while on the other hand the subsequent history of a large part of the region 
has !)een so eventful that the production of the lowland surface could not reasonabh' 
have been later than Pliocene. Previous to this Pliocene reduction, erosion does not 
appear to have ever produced anA'thing like a peneplain in the northern Cascades, 
as far as its history has been determined. In view of the eventful character of the 
whole of the Tertiary, it is plain that the period of reduction to base-level can not 
be considered as including any large part of Tertiary time, as has been suggested by 
Russell. Uplifts or subsidences of the extent that are known to have occurred 
during Eocene and Miocene time in this area must be considered as inaugurating 
new topogmpliic cycles. Furthermore, the land surface that was flooded by the 
})asalt flows at the !)eginning of the Miocene possessed consideral)le relief. This 
pre-Miocene topography has been preserved in a large measure from later erosion 
by the basalt, and where the ctippiiig is partially eroded away and stream canyons 
are cut down into the underlying formations the contact shows very conclusively 
the character of the old surface. Such a locality is the valley of Taneum C'reek, 
where it is at once se(^n that the prebasalt surface was such as to deserve to })e 
tcMMued rugged topography. It seems necessary, therefore, to restrict the period of 
the development of the Cascade lowland to the Pliocene. ^ 

<t It in <»f interest to note tlmt in the John Day Basin. Merriam fln<ls evuienee of the erosion of the upturned Mi<X'ene 
formations early in I'liooene time: Bull. Dept. <;eol. Tniv. California, Vol. II, No. 9, p. 311. 
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CASCADE PLATEAU. 
CHARACTER OF THE UPLItT'. 

RusselFs term, "Cascade plateau/' is used in this pap(»r as a convenient designa- 
tion for the uplifted lowland surface. The term is of value as expressive of the 
change in attitude and as descriptive of the mass from which the Cascade Range has 
been carved. It is not, however, to be inferred that a broad, unmodified table-land 
once existed where now there are rugged peaks and deep canyons. The uplift was 
not catastrophic but slow and gradual, and further knowledge of its character may 
be gained from the study of the Yakima region. 

Here, as has been noted in the previous section, the uplift was effected with 
pronounced deformation along well-defined axes, producing parallel ridges. This 
evidence in the region where the upraised surface has been so preserved that definite 
conclusions are possible suggests that the uplift of the Cascade Mountains was not 
necessarily of a broad and genei'al character, producing a dome with gentle slopes 
extending over thousands of square miles, but that the uplift was effected with 
similar local waiting in other parts of the Cascades. 

This may serve to explain the lack of unifoi*mity in elevation of some of the 
higher peaks. Such cases are cited by Russell,'' and he suggests four hypotheses to 
explain the greater prominence of the granite peaks, of which Mount Stuart is a 
type. The postpeneplain elevation of such masses is rejected on the ground that the 
structure antedates the period of reduction to base-level. Another hypothesis is 
that these high peaks represent monadnocks on the old lowland, and another that 
the higher peaks, being composed of the more resistant granitic rocks, more nearly 
preserve the original geneml surface level of the Cascade plateau, which was about 
10,000 feet above sea level, while the peaks of softer rocks have suffered a general 
diminution in height. A fourth hypothesis 'Stalls for local upheavals since the 
Cascade peneplain was raised into a plateau and subsecjuent to the initiation of the 
present master drainage lines,'"' an upward movement which is thought possibly to 
be still in progress. This last hypothesis appears to Russell to best explain the 
observed facts, and a modification of this may be here suggested in light of the later 
observations in the Yakima region. 

The uplift of the Cascade lowland to form the Cascade plateau on the present 
supposition was not a simple, broad, fiat-topped, anticlinal uplift, ))ut a deformation 
of more complex character. The Wenatchee uplift was not necessarily a local 
uplift subsequent to the main Cascade uplift, but rather a part of that uplift and 
contemporaneous with the localized deformation in the Yakima region. The 
Wenatchee Mounbiins are thus comparable to Manashtash and Umptanum ridges 
to the south, and ma}-, indeed, form the higher part of a somewhat broader uplift, 

a Twentieth Ann. Kept U. S. Geol. Survey, pt. 2, pp. 13^142. ''Ibid., p. 141 
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of which the Table Mountain-Ijookout Peak ridge, 20 miles MOuth of Mount 
Stuart, forms the lower flank. On the Wenatchee Mountains apparently no 
remnant of the old lowland nurface remains, although such a surface is suggested 
by the level platform from which the upper 1,500 feet of Mount Stuart rises as 
a monadno(*k, but on Lookout Peak and Table Mountain such a surface can be 
detected extending down into the Kittitas Valley, as noted above. It must be kept 
in mind, how(jver, that such an uplift in no sense explains the rock structure, 
which greatly antedates this surface deformation, but, like the cases cited in the 
Yakima region, the latca* uplift was apparently along an older structural axis, and 
it is only by d(^tailed study of the basal contacts of the different Tertiary forma- 
tions that the distinction can be made between Eocene deformation and the 
deformation which followed the post-Miocene reduction to a lowland. 

VARYIN<I DKGREK OF DISSECTION. 

In the brief description of the to|X)graphy of the Mount Stuart and Yakima 
regions the difference in type was pointed out. The variation in degree of 
dissection is at once apparent. This is in no sense due to differences in the 
formations eroded, ))ut has its origin in climatic conditions. On the eastern 
flank of the range the precipitation is scanty and erosive processes correspond- 
ingly weak. Only the larger streams that head outside the arid belt accomplish 
nnu^h, so that deformation has been able to quite outstrip erosion, with the result 
that the war|KHl lowland surface is preserved. On the higher slopes, especially 
nearer tlie ci*est of the range, the precipitation is greater, and active erosion has 
resulted in mature topography. 

It is on account of this deep dissection that there is little remaining to more 
than suggest the Cascade plateau over large areas in the Cascade Mountains. 
Whether or not the acuU» peaks even approximate the old surface can not be 
determined, but it seems probable that in the higher portions of the range there 
has been a general dimiimtion of height. 

The cause for variation in degree of dissection other than that of a climatic 
nature is the length of the pi^riod during which erosion has been uninterrupted by 
crustul movement. In one area the topographic cycle may be continued from youth 
to old age, while in another region not far distant, in the same time, one cycle may 
Ik* terminaU»d and another inaugumted simply by a local uplift. The physiographic 
stagi\s enmnerated by Willis in his paper have not been differentiated in the 
foregoing description of the central Washington area. It is doubted, moreover, if 
such distinctions i»an be made genei-ally throughout this area, by reason of its 
physiographic development differing fi-om that of the region described in the 
following pH|M>r. This difference appears possible, and indeed probable, since in the 



CASCADE PLATEAU. 31 

case of gaps cut by Yakiraa River in ridges onl}^ a few miles apart the record in 
one case is shown to be that of an uninterrupted uplift of the ridge, while the 
conapound form of the other gap shows a halt in the uplift sufficient for widening 
the canyon in its earlier portion. 

A few points of connection between the two regions may be noted, however. 
The greater part of the Mount Stuart and Ellensburg quadmngles lies outside the 
limit of glaeiation, and therefore direct reference of the date of topographic features 
to a glacial episode becomes difficult The period of development of the Cascade 
lowland as described for the Yakima region of course corresponds to the Methow 
stage of Willis. The Entiat stage is poorly represented in the Mount Stuart 
quadrangle, and the only traces of topography antedating the present are found in 
the old valley of Camas Land and in several small areas now capped by rhyolitic lava, 
the pre-lava surface plainly possessing only moderate relief. Elsewhere in the 
northern half of this quadrangle dissection appears to have proceeded so far as to 
destroy all evidences of an earlier stage, while in the Yakima region these later 
stages have not been separated, the uplifted Methow topography having suffered 
extremely little modification. Since the physiographic development is the result of 
the interplay of earth forces and atmospheric agencies, it is evident both must remain 
the same throughout a region to result in the same succession of physiographic 
stages. Climatic differences appear to account for much of the topographic diversity, 
but the structural history is no less important. It would seem futile, therefore, to 
expect uniformity in the physiographic record over wide areas in a province like the 
northern Cascade.s if the writer is correct in his belief that the uplift of the range 
has been complex rather than simple. However, it is no less evident that the more 
complete record that can be deciphered for the one area is of material value in the 
understanding of the other area. 

There is good reason to expect confirmation of the views here expressed in the 
course of future work. Already the writer has detected remnants of the uplifted 
lowland surface in higher portions of the Cascades. The Cascade plateau was also 
found to be exceptionally well represented inmiediately north of Mount Baker, near 
the international boundary. Here there is not only a marked uniformity in the 
elevation of the* ridges, but their crests are ))road and even. Such totx)graphic 
characters l)elong to an older tojx)graphy, and it is believed therefore that these 
features in reality mark the preservation of the lowland surface now uplifted to form 
the plateau with an altitude of over 5,()0() feet. This plateau is incised by the deep 
canyons of Nooksak River and its tributaries, while upon it rests the volcanic cone of 
Baker. West of this region, toward the crest of the Cascades, the plateau character 
is lost and the more complete dissection makes the topography one characterized by 
the most acute peaks and rugged mountain masses. In this higher portion of the 
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uplift the atta^*k by erosive agencies has plainly been much more severe, and erosion 
has outVmianced deformation with the resulting destruction of the plateau type of 
surface. 

RIVER HISTORY. 

In the higher parts of the Cascade Mountains it will probably be found that the 
only line of evidence bearing upon these phj'siographic problems is that furnished 
by the streams. The antecedent character of such streams as the Icicle, which cuts 
across the granite mass of the Wenatchee Mountains, has been recognized by Russell, 
and furnishes additional proof of the existence of the Cascade lowland. In consider- 
ing the history of such streams and their relations to the rock formation across which 
they have cut their canyons it is most important that a sharp distinction lie made 
between the rock structure and the surface warping. The former is the result of 
successive epochs of d^-namic action preceding the Pliocene lowland reduction, while 
the latter comprises the elevation of tne Cascade lowland to form the Cascade plateau 
or the uplift of the Cascade Mountains. 

In the Yakima region where the lowland surface is best preserved the history of 
Yakima River, as it can be traced out, corroborates the physiography as stated in 
the earlier section of this paper. The antecedent character of this river is at once 
apparent, and, as noted in the review of the literature, Russell was the first to call 
attention to this impoitant feature. As can be seen from examination of Pis. II and 
VI, the Yakima crosses the high ridges in a deep canyon in which the original 
meanders of the river are strikingl}^ preserved. The course of the river antedates 
the uplift of these ridges, and the warping of the lowland surface must have been 
effected at a rate that pennitted the Yakima to maintain its course without change. 
That there was no damming sufficient to cause the stream to seek a new channel 
is shown very conclusively in the vicinity of North Yakima. The river leaves the 
broad transverse valley in which that city is situated by cutting through Atanuni 
Ridge at Union Gap, which is nearly a thousand feet deep. Five miles east this 
ridge has a low saddle, purely structural in origin, which affords an eas}" pass less 
than 2(K> feet above the valley floor. Here, had there been an}' ponding of the 
Yakima waters during the uplift of the ridge, the river would surely have discovered 
the lowest point in the rim of the basin; but there is no trace of stream occupation 
of the pass. At other points where the Yakima cuts through other ridges the 
relations are hardly less convincing, since often the water gap interrupts the ridge 
in its highest part. 

The surface upon which this course of Yakima River was established plainly 
must have been the Cascade lowland. The independence which this course shows of 
the hard and soft rocks which made up that lowland points to the development of the 
meanders on a surface on which there had been a perfect reduction to base-level. 
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Furthermore, the manner in which the lowland surface cuts across folds involving 
the Miocene sandstone indicates that the course of the Yakima was not determined, 
at this time at least, by the slope of the uplifted lake bottom, as suggested by 
Russell. Here, again, the later warping must be distinguished from the earlier 
folding of the rocks. 

Naches River, the most important tributary of the Yakima, is plainly also 
of antecedent character, since it has cut diagonally across one of the anticlinal 
ridges, uniting with the main river near the axis of the ridge (PL VI). The smaller 
tributaries of the Yakima in this region appear to be generally synclinal in position 
and also consequent upon the waiting of the lowland. This statement, however, 
needs modification, since in the cases of Wenas and Selah creeks portions of the 
streams cut across minor ridges. Selah Creek also flows along the north side of 
Selah Valley in a canyon the brink of which is above and over a mile distant from 
the axis or lowest part of the valley. Such a relation may be taken as showing that 
the course of the stream is antecedent to only a portion of the warping of the 
lowland, the axis of that deformation having shifted southward. Wenas Creek is 
peculiar in that while it flows along the rather broad valley between Umptanum 
Ridge and Cleman Mountain and may l^e considered a synclinal stream, its shallow 
canyon is cut along the axis of a low anticline. This fold shows both in the rocks, 
the basalt appearing in the canyon, and in the deformation of the surface. The 
geologic and topographic relations of the Wenas Valley can be seen on the map of 
this area (PI. IV). Back from the creek on either side is a parallel valley across 
which the seasonal streams flow before joining the creek. The old lowland surface 
can be traced from the slope of the ridge across the back valley and up on the 
flat-topped hills overlooking the main creek, and the fact that basalt bowlders cover 
these hilltops where the underlying rock is sandstone shows that this is the lowland 
surface. At one place the back valle}^ has so level a floor that a stream coming 
down from the ridge sometimes divides on its alluvial fan and flows out to the creek 
through two separate canyons. The explanation of these relations that presented 
itself in the field was that Wenas Creek was at first a synclinal stream in the valley 
between the two ridges, but by a later uplift of the low ridge along the center of 
this valley the creek cut down through the sandstone into the basalt beneath. 
There is evidence, too, that this later warping followed a structural line marked 
out at the time of the prelowland folding. The uplift of this medial ridge, a 
movement not exceeding 800 feet, was so gradual that not only did the main creek 
maintain its course but the tributaries suffered no changes, but crossed the unaffected 
back valley and cut steep-sided gulches through the uplifted ridge. A simultaneous 
and indeed connected uplift also occurred a few miles up the valley, where the two 
14493— No. 19-03 3 
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northern branches of the Wenas cut across an arch of basalt. The structure here 
can be seen perfectly in the canyons, and the flat crest of the ridge well expresses 
the lowland surfaces; and here again the absence of conformity between surface and 
structure is noticeable. This history of Wenas Creek is simply an incident, of little 
importance except as it may show that the warping of the Cascade lowland was not 
a simple, uninterrupted movement, in some localities at least. 

An interesting problem in connection with the history of the Cascade Range 
will be the identification of the system of antecedent drainage of which Columbia, 
Yakima, and Wenatchee rivers appear to be important parts. It will be at once 
noticed that these master streams are in no sense consequent upon the broad Cascade 
plateau with its north-south trend, as described by Russell, nor altogether upon such 
minor uplifts as have been thus far recognized. These rivers are the streams that 
controlled and effected the reduction of the post-Miocene land surface to a peneplain, 
and the study of this drainage system may yield some data bearing upon the degree 
to which the planation was carried and upon the position of monadnocks and 
important divides. The extent to which it is justifiable to apply this hypothesis of 
the deformation of the old lowland surface into local domes or ridges, features 
measuring a few miles in shorter diameter, rather than into a broad plateau uplift 
measuring hundreds of miles in extent, can then be better discussed. 

PHYSIOGRAPHY OF THE SNOQUAOHE QUADRANGLE. 

Since writing the foregoing portion of this paper the author has extended the 
geologic mapping westward from the Mount Stuart area. The Snoqualmie quad- 
rangle, which was surveyed in 1902, lies within the heart of the Cascade Range, and 
includes about 50 miles of the main divide between the Puget Sound drainage and the 
streams tributary to the Columbia. Such a region appears to furnish an opportunity 
for testing the wider application of the conclusions reached in the adjacent area. In 
the Ellensburg quadrangle erosion has been insufficient to destroy the traces of the 
Pliocene peneplain, now wai*ped into the ridges described in the preceding pages. 
In the Snoqualmie quadrangle land sculpture has plainly reached a stage in which no 
tmces of such a peneplain can be recognized. The topographic cycle is nearing 
maturity, and while the problem of interpreting the physiograph}^ is more difficult, 
it becomes interesting to make the test and to attempt to determine for this portion 
of the range the type of uplift which inaugurated the present cycle of erosive 
activity. 

As a preliminary to this, it is helpful to review certain of the general principles 
of land sculpture as first and most clearly defined by Powell and Gilbert. These 
will be briefly stated in so far as they apply to the question in hand, which is. What 
was the character of uplift of this central portion of the Cascade Range? Such 
general principles may be stated thus: 
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Degradation is controlled by declivity, rock structure, and climate. As will 
be seen below, the second and third factors may be omitted in the present considera- 
tion. While of great importance, they are essentially without value as criteria in 
this instance. Degradation, including erosion, sapping, and corrasion, as well as 
transportation, increases with declivity. 

The work of ordinary degradation may be greatly augmented by glaciation, 
which, as will be noted later, was not universal in this area, hence glaciation has 
value for the purpose of this discussion. 

In the case of the simple uplift of a broad arch, there would result a flat top 
and steeper flanks. On the steeper flanks the greater declivity would determine 
the locus of the more eflfective degradation. With consequent streams, therefore, 
the maximum rate of degradation would obtain along the flanks of the arch, and at 
any stage there would result an axial ridge with axial peaks as the highest portion 
of the uplifted area. This result may be stated ditferontly, following Gilbert: There 
would be a persistence of divide, since at first it was the divide because an eminence, 
and later an eminence because the divide. 

If the elevation was so slow in its first stages as to enable degradation to keep 
the axial region practically^ reduced, the resultant form would have a plateau 
character, as Powell has pointed out in the case of the western portion of the Uinta 
uplift. There, however, the axial region is higher, although its prominence is 
inconsiderable when compared with the whole amount of degradation. 

With antecedent streams there is not the same persistence of divides, but rather 
a change due to the tendency of the streams to become more and more consequent. 
As developed by Campbell, the law of this migration of divides is that the divide 
tends to migrate toward an axis of uplift and away from one of subsidence. Thus 
it follows that in the case of a warped peneplain the antecedent drainage would tend 
to adjust itself to the warping and the streams would come to occupy the axes of 
relative depression with divides located upon the axes of elevation. In the case 
where the axis of depression shows changes in direction of pitch there would also 
be the tendency for the point on this axis, marked b}' divergence of pitch, to become 
also a divide. 

Now, turning to the Snoqualmie area, certain facts of observation may be stated, 
as they apply to the problem under discuvssion. 

The main divide of the Cascade Range within this quadrangle is wholly upon 
Miocene rocks, with the exception of 2 miles, where it is close to the contact of the 
Miocene with the Eocene. The highest peak on this divide, which has an altitude of 
7,512 feet, and the lower portion of the divide for a considerable distance — with 
an altitude of 3,500 to 4,500 feet— are composed of Miocene volcanic rock with 
essentially the same physical characters. For this reason it appears evident that, 
as was stated above, rock character is not at all a controlling factor. 
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Climatic conditions are more or less uniform over this area, and any differences 
are dependent upon relative altitude, which in turn is involved in the question of 
relative uplift which is being discussed. Climate nmst therefore })e left out of the 
discussion, and it is plain also that it would not have any important bearing on the 
final decision. 

In the Lower Yakima region, where the river was antecedent, it was shown that 
the rate of uplift of the transverse ridges was not essentially more i*apid than the 
rate of corrasion. The uplift, however, was greatly in excess of ordinary erosion, 
since many remnants of the uplifted surface remain. In the central region Yakima 
River carries its low-grade valley well back toward its head, so that the rate 
of uplift here has not been much greater than the maximum rate of corrasion. No 
actual remnants of the old surface, however, are known in this mountainous region, 
so that while degradation has far from kept pace with uplift, it has been efficient 
enough to produce a topography that has many characteristics of maturity. The 
question of the antecedent or consequent character of the drainage again depends 
upon the main question. 

As can be seen on the accompanying map of the Snoqualmie quadrangle (PI. 
VII), in which only the 500-foot contours above 5,000 feet are shown, the trend of 
the higher portions of the area is slightly north of west. The main divide has a 
general trend of a few degrees east of north, so that the difference in trend is approxi- 
mately 90 degrees. Further, it will be seen that the high peaks on the divide are 
where it is crossed by these east- west heights. 

The streams in the vicinity of the outlying heights are fully as efficient as those 
near the main divide, and in many cases possess the advantage of shorter courses and 
steeper gmdients. 

The thick mantle of soil which is of common occurrence in the lower divide 
region must be taken as strong evidence of the inefficiency of transportation here as 
compared with the higher country. 

Glacial erosion has been an important factor in the northern area, characterized 
by a greater topographic prominence, while glaciation has been wanting in the lower 
parts of the main divide. 

As the third part of this section, the foregoing general principles and particular 
facts may be brought together and certain conclusions deduced. This process will 
constitute the wider application of the hypothesis based upon the work in the 
Ellensburg quadrangle. The deductions are as follows: 

(a) Whatever the mte of uplift, the axial region should exhibit some topographic 
prominence. If uplift has outstripped degradation, as is the case in this area, the 
axial ridge must be a distinctive feature. 

In fact, the main divide in the Snoqualmie quadrangle fails to show au}' such 
prominence, except as was noted above. Therefore it is not the axial region. 
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(J) Uniformity in present altitude of neighboring heights is suggestive of pre- 
existent uniformity, even if not exactly indicative of the actual position of the older 
surface. A line connecting closely adjacent heights, even although these are sepa- 
rated by canyons representing the work of efficient stream corrasion, is expressiv^e of 
the position of an axis of uplift. 

In the Snoqualmie quadmngle the position of three such axes of uplift may 
be approximately determined. The southernmost of these extends beyond the 
boundaries of this quadrangle, both east and west from the divide. Next, northward, 
is the high ridge between Naches and Yakima rivers, which is topographically 
and, in part at least, structurally the continuation of Manastash and Umptanum 
ridges to the southeast, which are known to represent upwarps of the old peneplain. 
Likewise, the third line of heights along the northern edge of the Snoqualmie 
quadrangle connects with the prominent Mount Stuart mass which constitutes the 
axial portion of the supposed Wenatchee upwarp of the lowland surface. These three 
lines of heights, which thus possess marked topographic prominence, are believed to 
indicate the position of three upwarps of the lowland surface. 

How nearly the present surface on these heights represents the old surface 
thus uplifted can not be so definitely stated. On the highest portions of the 
Naches- Yakima ridge the level tops are strongly suggestive of the old surface. The 
uniformity in the present altitudes is a striking feature of the northwestern 
portion of the area, as illustrated by Mr. Willis on PI. IX, and this uniformity may 
reasonably be considered the result of a general reduction of these tops, which has 
been relatively slight in amount. 

(c) In whatever degree the system of divides fails to accord with the deforma- 
tion, the drainage system shows similar lack of consequence. Streams cutting across 
lines of uplift must be antecedent, in part at least, and, with antecedent streams, the 
divides may be in process of migration. 

In the Snoqualmie quadrangle the main divide has been shown to be not 
coincident with the axis of most marked surface deformation. Near the northern 
edge of the quadrangle the divide makes a sharp turn to the east and continues this 
northeastern trend for several miles beyond the boundary of the area described here. 
This trend coincides more nearly with the axis of uplift indicated by the east-west 
line of heights. 

In the lower country of the Ellensburg quadrangle Yakima River is known to 
be antecedent to the wai*ping of the peneplain and Naches River to be antecedent in 
a portion of its course and consequent in other portions. The history of the Puget 
Sound streams has not been studied. 

It appears evident, then, that these two master streams may also have a mixed 
character in the Snoqualmie (luadrangle. The Naches system is for the most part 
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consequent upon the two upwaips shown by the elevated ridges, and a relatively 
high portion of the divide is at its head where the downwarp between these two 
upwarps dies out. The most important tributary of the Yakima, Clealum River, 
appears to head somewhat north of the noithern axis of uplift and is in that ease 
antecedent. The Upper Yakima itself, however, plainly occupies an area of relative 
depression and receives consequent streams from the slopes of the upwarps to the 
north and south. There is some evidence, however, of partial inconsequence, but 
the position of the main divide which pamllels for about 10 miles the upper course 
of Yakima River appears to be in part determined by the cross axis from which this 
downwarp pitches. 

A drainage system consequent upon complex warping of this character is thus 
less symmetrical than one consequent uix)n a broad arch. The partial inconsequence 
expresses simply the effect of the antecedent charjicter of these streams which was 
partially preserved wherever the rate of uplift or warping failed to be the deter- 
mining factor. In geneml, however, it is quite possible that much of the antecedent 
drainage may have been consequent upon prepeneplain structure, which was paral- 
leled by this later warping, so that in the following cycle the antecedent streams 
have maintained their courses which ma}' also appear to bo consequent upon the 
warping. 

The degree of agreement of the drainage with the surface deformation ma}^ 
furnish data for the separation of the uplift of the Cascade Range into distinct stages, 
as well as a more exact differentiation of the upwarps that constitute this uplift. 

((T) The ultimate deduction is that, whatever the relative proix>rtion of antecedent 
and consequent character in the drainage system, the main divide for the greater 
portion of its length in this area neither coincides with nor parallels the axes of 
most marked deformation of the preexistent surface. The uplift to which the Cascade 
Range owes its origin was not simple in type, but complex, and within this area can 
be resolved into three well-detined upwarps, which, moreover, are transverse to the 
main trend or major axis of the range considered over the larger area to the north. 

RESUMK. 

In the central Washington area detailed mapping has given data for the 
recognition of a lowland surface, the fixing of the age of its development as Pliocene, 
the suggestion of the drainage system which controlled that reduction to a peneplain, 
and the determination of the kind of deformation to which this lowland surface was 
later subjected. Such evidence has its bearing upon the broad problem of the origin 
of the great plain of the Columbia and the Cascade Range. To the east, deformation 
of the lowland has been less marked, while on the other side erosion has largely 
destroyed the uplifted peneplain. Future investigation may be productive of 
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corroborative evidence over a larger area. The evidence in hand, however, is 
believed to be sufficient to prove the youth of the Cascade Range and to suggest that 
the general type of its uplift ma}' have been complex rather than simple. 

The data furnished by this study of the geolog}' and physiography of central 
Washington ma}^ also have a bearing upon broader problems. The eventful char- 
acter of Tertiary history in this province is noteworthy, as showing the mpidity with 
which geologic processes may accomplish their work. The Eocene section measures 
not less than 10,000 feet in thickness and is divisible into four distinct formations, 
separable both by physical breaks and by differences in fossil floras. In the Neocene 
period not only was there the great volcanic activity and the later deposition of the 
Ellensburg sediments, but also widespread deformation and the production of an 
extensive peneplain were effected. 

Another feature of general interest is the deformation this peneplain has subse- 
quenth' suffered. The evidence is believed to be conclusive that the old lowland 
surface has been wai^ped so as to form anticlinal mountain ridges and synclinal 
valleys. Elsewhere no such striking instance of peneplain modification has been 
described, and this unique character of the area is doubtless to be attributed in part 
to the structural characteristics of the jointed sheets of basalt involved in this defor- 
mation. Connected with this wai^ping of the peneplain is the antecedent character of 
Yakima River, which serves as an exceptionallj^ fine example of that t} pe of stream 
in that it has maintained its course across not only one but several uplifted ridges. 

A third principle that demands recognition is the importance of separating the 
results of two or more distinct periods of deformation. In this waj' only can there 
be any true interj^retation of structure in cases, such as the Yakima region, where 
the later movement largely followed the axes of earlier folding. Subsequent work 
in the Cascade Range has strengthened the belief that such persistence of structural 
lines through successive epochs of deformation is not at all exceptional and must not 
be overlooked. 

The results of this physiographic study promise to greatly facilitate future work 
in the northern Cascades, but they have also been presented here with the belief 
that they contribute somewhat to our understanding of peneplains and their subse- 
quent modification, with the resulting difficulties attending their recognition and 
identification. 
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IXTRODUCTIOX. 

The following article is based on observations made during several excursions in 
the Ca>>cade Mountains from 1895 to 19(M>, inclusive, and upon discussions with 
Messrs. I. C. Russell and George Otis Smith, to both of whom the writer is much 
indebted. When engaged in exploration in the same province, between 1881 and 
1884, the writer took little note of the physiographic aspects as such; to him they 
were then scenic aspects only, and impressive grandeur was the dominant idea they 
left. But upon returning in 1895, after eleven years spent in the Appalachians, the 
case was different. Association with Gilbert, Davis, Hayes, and Campbell in the 
discussion of physiographic relations of the eastern region prepared the observer to 
see the less evident, but not less definite, facts of the western province. 

In 1895 the writer traversed the western slope of the Cascade Range from 
Mount Rainier to Skagit River, visiting especially Snoqualmie Pass and Monte 
Cristo. At the fomier place the diversion of Snotjualmie River by a moraine dam is 
a conspicuous fact. The former eastern course leads by a Avide valley to Lake 
Keechelus, but the diverted stream is now cutting a precipitous canyon in the 
western slope. The discovery of fossil leaves, classed as Miocene by Knowlton, in 
graphitic slates in the crest of the pass suggested the post-Miocene uplift of the 
range. Near Monte Oisto wide general views were obtaini^d, which swept the sky 
line from southeast by south and west to northwest, and it was apparent that many 
jagged peaks rose approximately to uniform altitudes, which might reach or fall 
little short of an ancient plain. Stratigniphic studies of the Puget group of Eocene 
and Miocene strata led the writer tent^itively to assign this hypothetical plain to a 
late Miocene date, and to place among the latest events of the Miocene epoch the 
uplift by which the old lowland was raised to a position at or above the suumiits of 
the Cascades. 
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To test the validity of these inferences, during succeeding years the heights and 
slopes of the range were viewed from many points, and the intersecting lines of 
sight, leaping from peak to peak at neariy uniform altitudes, were thought to define 
clearly the general attitude of the ancient plain. Among the panoramic views upon 
which this hypothetical reconstruction of a vanished surface was based may be 
mentioned that from the eastern side of Mount Rainier, at 7,600 to 10,000 feet above 
sea, looking east and north; that from a spur (6,000 feet) of Huckleberry Peak at the 
head of Gold Creek in the northeastern corner of the Snoqualmie quadrangle, tracing 
the sky line throughout the entire circle exc-ept from northwest to north; that from 
Stormy Mountain (7,219 feet) in the Chelan Mountains in the western quarter of the 
Chelan quadrangle; and that from Boston Mountain (8,300 feet) north of Cascade 
Pass at the head of Stehekin Valley. 

In the meantime, in 1897-98, Russell reached the conclusions expressed in a 
preliminary paper on the geology of the Cascade Mountains in northern Washington" 
in the following terms: 

''After the time of long-continued erosion referred to above, when the Cascade 
region in northern Washington was reduced to a peneplain, there came a time of 
elevation, when the peneplain, or a very large portion of it, was bodily raised some 
7,500 feet at least, and thus became a plateau. In a broad view of the region this 
Cascade plateau may be considered as of the nature of a broad, flat-topped anticline, 
or, as Dana would probably have called it, a geanticline. The rocks composing this 
uplifted region had previously been folded, but we are justified in assuming, on 
what may be said to be general principles, that renewed movements occurred along 
these old structural lines. The main change was a general rise of a region of some 
10,000 or 15,000 square miles. The total area aflfected was much greater than this, 
as the Cascade plateau extends both north and south of the field under discussion. 

"One of the most remarkable features in the relief of the Cascade plateau is the 
seeming nearly level character of its original surface. The uprising was eflFected 
without pronounced tilting. Perhaps, when our knowledge is more extended, it will 
be found that this conclusion is too hasty, but at present, from a study of the distri- 
bution of the rivers, as well as of the heights of the peaks left by erosion, it does not 
seem that the plateau had a decided, if any, inclination toward either the east or 
the west. This is the most marked difference between the Cascade plateau in 
northern Washington and the Sierra Nevada. The Sieri'a Nevada, as we now find it, 
is the result of the erosion of a tilted plateau, bordered on the east, from Owens 
Lake to Mono Lake at least, by a great belt of bmnching f mctures and faults. No 
such belt of fractures and displacements pamllel with either border of the Cascade 
plateau is known. The evidence is that the rise from each side of the plateau to its 
nearly flat summit portion is gradual." 

Among the services rendered the writer by George Otis Smith was that of well- 
maintained skepticism in regard to recognition of an ancient plain over the Cascades. 

n Twentieth Ann. Kept. T. S. Geol. Survey, pt. 2. pp. 144-Uf>. 
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He asked for demonstration, which way difficult, since the suggestions of panoramic 
views failed to convince, but during his field work of 1900 he himself supplied the 
evidence of the existence of an old base-level plain on the hills of Yakima Valley, 
as stated in the first part of this paper. Of these results the writer was aware 
when he took the field in August, 1900, and he has found them of much value in 
tracing out physiographic relations in the vicinity of Lake Chelan. It would seem 
that the principal episodes in the history of the Cascade Mountains may now be 
stated with confidence. 

In the field work of 1900 the writer was fortunate also in having the company 
of Prof. R. D. Salisbury, and statements concerning the glacial phenomena were 
suggested chiefly and often wholly by his observations and interpretations; but he 
is not responsible for the form in which they may here appear. The profiles which 
illustrate this article are drawn from topographic maps of the Chelan and Methow 
quadrangles, suiveyed by Messrs. Griswold and Farmer, topographers of the United 
States Geological Survey. The writer has traversed much of the region with their 
maps in hand, and places confidence in the excellence and detailed precision of their 

work. 

PIIY8IOGRAPIIY. 

DESCRIPTIVE ANALYSES. 

COLUMBIA GORGE, WENATCHEE TO CHELAN. 

COLUMBIA CANYON. 

The broad flood of Columbia River emerges upon the valley about Wenatchee 
from a noble gateway- in the Kntiat Mountains. The elevation of the river is some- 
what less than 700 feet above sea. On the east the slopes of Badger Mountain rise 
to 4,200 feet, from which altitude the long, even profile of the summit declines gently 
eastward; on the west of the stream peaks of the Entiat Mountains in sight attain 
5,700 feet, and these are the foothills of the Cascades. These heights of 3,500 to 
5,000 feet that thus hem in the river spring from a flood plain one-half to three- 
quarters of a mile wide, and th(» profiles swing upward in convex curves, steepest 
near the foot. The effect combines grace and grandeur, the wide river, the broad 
gorge, and the great mountains harmonizing in their proportions. 

Such is the view from a little distance. Tpoix entering the gorge the obsen^er 
who follows the road along the western bank feels more closeh' shut in. On the 
one hand it is but a leap into the dark-green river swii'ling past fallen blocks of 
gneiss; on the other the cliff is near, and its crest, 1,000 to 1,800 feet above, is impres- 
sively high. The l)oldest profiles occur from 4 to 7 miles aV)ove Wenatchee, and one 
conspicuous point — Ribbon Bluff — with precipitous face projects into the gorge 12 
miles farther upstream. 3 miles above the mouth of Entiat River. 
14493— No. 19—03 4 
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diff*- are not, however, the mo-t fhanu.'teri^ti*: feature^ of the gorge. AIod^ 
the eastern -ide they do not oc<-ur «:on?»pir*uou«ly. and even on the bolder western side 
they giif pla/'f- fre^juently to ^teep -»lope?- in which rrxrky ledges project sharply 
thrrmgh -^^-anty gra?-!- and -agehru.'-h. These ^teeps* terminate above in points of long 
Hpiirn, which ri-e we«twarrl with gradual ^lope to the highest summits of the adjacent 
mountain^. The prominent angle Ijetween the steeper and gentler elemenb^ of the 
profile \n an impr>rtant physir^graphie feature, upon which broad deductions are 
ljas<;<L 

rHELAN BriTE. 

Ixx^king upstream from near KibVK>n Bluff, the view includes a summit higher 
than its fellows on the west Imnk and peculiar in the long <weep of its spurs in a 
c^^ncave cur\'e from the top to within 8< ni feet of the Columbia, where the slope breaks 
off into the gorge. This i- Chelan Butte (3.S1>2 feet), the eastern end of a ridge 
which lies >>etween the Columbia and Lake Chelan. Its graceful profile presents the 
first view ha^I from within the gorge of those higher topographic elements which lie 
Ixftwr^en the mountain to[« and the steeps that shut in the river. The fact that this 
profile des<!ends from (Jhelan Butte to within 8(hp feet of the river, whereas in the 
Flntiat Mountains it ends td,4*)^) feet aVx)ve the stream, is an index of the relative 
amount of recent uplift in the two pla^*es. 

The gnwreful silhouette of Chelan Butte is broken near the extreme summit by 
sharp, rocky ledges, which >upix>rt a narrow but flattish crest. They are formed bj' 
granite dikes cutting the shifter gneiss. Peaks of this partially cliff-girt form occur 
isolated but dominant among the mountains west of but near the Columbia, and will 
hereinaftc*r }»e njferred to as monadncK'ks upon the Methow plain/' the remnants of 
which, so far its recognizf'd in this region, will be described later. 

TIIK EAHTKRN BANK. 

The (»astern side of the gorge differs niarkedh' from the western. Not only is 
it in general not so bold of profile, but the forms of the slopes are genetically distinct. 
For a few miles a}K>ve Wenatchee the })luffs on the east of the river almost equal 
those on the west in Insight and lK)ldness where they rise to ledger Mountain; farther 
upstHMUii, however, th<» slop<» n»cedes gently from the river, and. growing steeper, 
ends ti,(HM> to 2,800 fe<»t above the^ stream in a mural escarpment 150 to 800 feet high. 
This wall crowning the height is the edge of a sheet of basaltic lava whose dark- 
brown color and columnar structure give it emphatic value in the otherwise gray 
and tawny landscape. In genenil the sunmiit is even and nearly level, it being the 
western margin of the plateau of ettstern Washington, and the line of the escarpment 

'M'iiwhMi* pliiti-au. tin- t<Tiii \m'<\ by Riisjtrll to dcslKnati- tUv surface which might be n?store(l over the Cascade Range, 
woiiIM be uwjI ntt iht' iiaim* <>f thi* peneplain, but it.«» prior iiw (1S72) to denotes a stratigraphie series renders it unavailable. 
Mi'lhow penrplaln 1m therefore here applied, from an imiK)rtant npur of the Methow Mountains, in which the old level is 
well exhibited. 
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Cliffs are not, however, the most characteristic features of the gorge. Along 
the eastern side they do not occur conspicuously, and even on the bolder western side 
they give place frequently to steep slopes in which rocky ledges project sharpl}^ 
through scanty giuss and sagebrush. These steeps terminate above in points of long 
spurs, which rise westward with gradual slope to the highest summits of the adjacent 
mountains. The prominent angle between the steeper and gentler elements of the 
profile is an important physiographic feature, upon which broad deductions are 
based. 

CHELAN BVTTE. 

Looking upstream from near Ribbon Bluff, the view includes a summit higher 
than its fellows on the west bank and peculiar in the long sweep of its spurs in a 
concave curve from the top to within 800 feet of the Columbia, where* the slope breaks 
off into the gorge. This is Chelan Butte (3,892 feet), the eastern end of a ridge 
which lies between the Columbia and Lake Chelan. Its graceful profile presents the 
first view had from within the gorge of those higher topographic elements which lie 
between the mountain tops and the steeps that shut in the river. The fact that this 
profile descends from Chelan Butte to within 800 feet of the river, whereas in the 
Entiat Mountains it ends 2,400 feet above the stream, is an index of the relative 
amount of recent uplift in the two places. 

The graceful silhouette of Chelan Butte is broken near the extreme summit by 
sharp, rocky ledges, which support a narrow but flattish crest. They are formed by 
granite dikes cutting the softer gneiss. Peaks of this partially cliff-girt form occur 
isolated but dominant among the mountains west of but near the Columbia, and will 
hereinafter be referred to as monadnocks upoL the Methow plain,* the remnants of 
which, so far as recognized in this region, will be described later. 

THE EASTERN BANK. 

The eastern side of the gorge differs markedly from the western. Not only is 
it in general not so bold of profile, but the forms of the slopes are genetically distinct. 
For a few miles above Wenatchee the bluffs on the east of the river almost equal 
those on the west in height and boldness where they rise to Badger Mountain; farther 
upstream, however, the slope recedes gently from the river, and, growing steeper, 
ends 2,000 to 2,300 feet alx)ve the, stream in a mural escarpment 150 to 300 feet high. 
This wall crowning the height is the edge of a sheet of basaltic lava whose dark- 
brown color and columnar structure give it emphatic value in the otherwise gray 
and tawny landscape. In general the summit is even and nearly level, it being the 
western margin of the plateau of eastern Washington, and the line of the escarpment 

n Cascade plateau, the term used by Russell to designate the surface which might be restored over the Cascade Range, 
would be used as the name of the peneplain, but its prior use (1872) to denote a stratigraphic series renders it unavailable. 
Methow peneplain is therefore here applied, from an important spur of the Methow Mountains, in which the old level is 
well exhibited. 
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is in sympathy with other level lines that cross the slope at various altitudes. Some 
of these lineh are terraces due to hmdslides, others in ravines are termce-Iikc embank- 
ments that may be traced to the work of glaciers, and others much more continuous 
and nearer the river are stream terraces of the great Columbia itself. These last are 
represented on the western side of the gorge also. 

Among the features which in any complete account of the region should 
be fully described are the several types of terraces of this eastern side of the 
gorge — the landslides, most conmion where the heavy columnar mass of bjisalt weighs 
upon the underlying schist and gmnite; the ice-built terraces, which are in part 
effects of tiny glaciers that gathered in the shaded lee of the plateau, in part results 
of occupation of Columbia Canyon b\^ a tongue of a large glacier which, descend- 
ing from the north, flowed down the river to a mile below Chelan Ferry; and the 
river terraces that extend for miles along the stream, their even tops sloping down 
its course and their perfect embankments rising near Chelan Ferry as much as 600 
feet above the water. But all these features belong to a chapter of the history 
which is herein touched only incidentally — the very recent episode of glaciation. 

BADGER MOUNTAIN AND W^ATEKVILLE PLATEAU. 

In its great sweep westward, southward, and southeastward across Washington 
Columbia River marks out the central plateau of the State. Most elevated near 
its western margin, this highland slopes in a general way east and southeast, and it is 
diversified both by channels and by uplands. The former, such its Grand and Moses 
coulees, appear to have been canyons of a large stream, probably the Columbia, but 
they are now nearly dry. The uplands are elevated portions of the plateau, comuH'ted 
with the lower parts by continuous sloyx?s, usually not distinguished by scarp or 
steep. 

Badger Mountain and the Waterville plateau are parts of this centml district, 
situated at its extreme western margin and separated from the eastern foothills of 
the Cascade Range only by the canyon of the Columbia. It will appear later that 
there is in fact no separation in the sense that the mountain district west of th(» riv^er 
has had an orogenic history ditfen^nt from that of the plateau east of it. But the 
rock structures and conditions of sculpture are so unlike that the two proviiu-es 
appear at first sight to be physiographically and geologically distinct. 

In the vicinity of Waterville the plateau presents an undulating surface, with a 
maximum but very local relief of ;^00 feet in a tenth of a mile. Well-defined but 
shallow drainage channels converge southeastward from a flat divide at 2,1K)0 to 8,000 
feet above sea. They constitute the headwaters of Moses Creek, which soon falls 
into a newly cut ravine. There was no water in any of the head streams in August, 
1900, and the flow is not only intermittent but never large. The surface is deeply 
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He asked for demonstration, which wa8 difficult, since the suggestions of panoramic 
views failed to convince, but during his field work of 1900 he himself supplied the 
evidence of the existence of an old base-level plain on the hills of Yakima Valley, 
as stated in the first part of this paper. Of these results the writer was aware 
when he took the field in August, 1900, and he has found them of much value in 
tracing out physiographic relations in the vicinity of Lake Chelan. It would seem 
that the principal episo<les in the history of the Cascade Mountains may now be 
stated with confidence. 

In the field work of 1900 the writer w^as fortunate also in having the company 
of Prof. R. D. Salisbury, and statements concerning the glacial phenomena were 
suggested chiefly and often wholly by his observations and interpretations; but he 
is not responsible for the form in which they may here appear. The profiles which 
illustrate this article are drawn from topographic maps of the Chelan and Methow 
quadrangles, surveyed by Messrs. Grlswold and Farmer, topographers of the United 
States Geological Survey. The writer has traversed nuich of the region with their 
maps in hand, and places confidence in the excellence and detailed precision of their 
work. 

PIIYHIOCiRAPIIY. 

DESCRIPTIVE ANALYSES. 

COLUMBIA GORGE, WENATCHEE TO CHELAN. 

COLl'MBIA CANYON. 

The broad flood of Columbia River emerges upon the valley about Wenatchee 
from a noble gateway in the Kntiat Mountains. The elevation of the river is some- 
what less than 700 feet above sea. On the east the slopes of Badger Mountain rise 
to 4,200 feet, from which altitude the long, even piofile of the summit declines gently 
eastward; on the west of the stream peaks of the Entiat Mountains in sight attain 
5,700 feet, and these are the foothills of the Casaides. These heights of 3,500 to 
5,0(K) feet that thus hem in the river spring from a flood plain one-half to three- 
quarters of a mile wide, and the profiles swing upward in convex curves, steepest 
near the foot. The eflfec^t combines gi-ace and grandeur, the wide river, the broad 
gorge, and the great mountjiins harmonizing in their proportions. 

Such is the view from a little distance. I'poiv entering the gorge the observer 
who follows the road along the western bank feels more closely shut in. On the 
one hand it is but a leap into the dark-green river swirling past fallen blocks of 
gneiss; on the other the clitt' is near, and its crest, 1,000 to 1,800 feet above, is impres- 
sively high. The In^ldest profiles occur from 4 to 7 miles above Wenatchee, and one 
conspicuous point — Ribbon Blutf — with precipitous face projects into the gorge 12 
miles farther upstream, 3 miles above the mouth of Entiat River. 
1441)3— No. 11^—03 4 
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Cliffs are not, however, the mo^t characteristic features of the gorge. Along 
the eastern side they do not occur conspicuously, and even on the bolder western side 
they give place frequently to steep slopes in which rocky ledges project sharpl}^ 
through scanty grass and sagebrush. These steeps terminate above in points of long 
spurs, which rise westward with gradual slope to the highest summits of the adjacent 
mountains. The prominent angle between the steeper and gentler elements of the 
profile is an important physiographic feature, upon which broad deductions are 
based. 

CHELAN BUTTE. 

Looking upstream from near Ribbon Bluff, the view includes a summit higher 
than its fellows on the west bank and peculiar in the long sweep of its spurs in a 
concave curve from the top to within 800 feet of the Columbia, where the slope breaks 
off into the gorge. This is Chelan Butte (3,892 feet), the eastern end of a ridge 
which lies between the Columbia and Lake Chelan. Its graceful profile presents the 
first view had from within the gorge of those higher topographic elements which lie 
between the mountain tops and the steeps that shut in the river. The fact that this 
profile descends from Chelan Butte to within 800 feet of the river, whereas in the 
Entiat Mountains it ends 2,400 feet above the stream, is an index of the relative 
amount of recent uplift in the two places. 

The graceful silhouette of Chelan Butte is broken near the extreme summit by 
sharp, rocky ledges, which support a narrow but flattish crest. They are formed by 
granite dikes cutting the softer gneiss. Peaks of this partially cliff-girt form occur 
isolated but dominant among the mountains west of but near the Columbia, and will 
hereinafter be referred to as monadnocks upon the Methow plain,« the remnants of 
which, so far as recognized in this region, will be described later. 

THE EASTERN BANK. 

The eastern side of the gorge differs markedly from the western. Not only is 
it in general not so bold of profile, but the forms of the slopes are genetically distinct. 
For a few miles above Wenatchee the bluffs on the east of the river almost equal 
those on the west in height and boldness where they rise to Badger Mountain; farther 
upstream, however, the slope recedes gently from the river, and, growing steeper, 
ends 2,000 to 2,300 feet above the^ stream in a mural escarpment 150 to 300 feet high. 
This wall crowning the height is the edge of a sheet of basaltic lava whose dark- 
brown color and columnar structure give it emphatic value in the otherwise gray 
and tawny landscape. In general the summit is even and nearly level, it being the 
western margin of the plateau of eastern Washington, and the line of the escarpment 

a Cascade plateau, the tenn used by Russsell to designate the surface which might be restored over the Cascade Range, 
would be used as the name of the peneplain, but its prior use (1872) to denote a stratigraphic series renders It unavailable. 
Methow peneplain is therefore here applied, from an important spur of the Methow Mountains, in which the old level is 
well exhibited. 
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is in s^^mpathy with other level lines that cross the slope at various altitudes. Some 
of these lines are terraces due to landslides, others in mvines are terrace-like embank- 
ments that may be traced to the work of glaciers, and others much more continuous 
and nearer the river are stream terraces of the great Columbia itself. These last are 
represented on the western side of the gorge also. 

Among the features which in any complete account of the region should 
be fully described are the several types of terraces of this eastern side of the 
gorge — the landslides, most connnon where the heavy columnar mass of basalt weighs 
upon the underhnng schist and gnmite; the ice-built terraces, which are in part 
effects of tiny glaciers that gathered in the shaded lee of the plateau, in part results 
of occupation of Columbia Canyon by a tongue of a large glacier which, descend- 
ing from the north, flowed down the river to a mile below Chelan Ferr\'; and the 
river terraces that extend for miles along the stream, their even tops sloping down 
its course and their perfect embankments rising near Chelan Ferry as nuich as 600 
feet above the water. But all these features belong to a cha])ter of the history 
which is herein touched only incidentally — the very recent episode of glaciation. 

BADGER MOUNTAIN AND WATERVILLE PLATEAU. 

In its great sweep westward, southward, and southeastward across Washington 
Columbia River marks out the central plateau of the State. Most elevated near 
its western margin, this highland slopes in a general way east and southeast, and it is 
diversified both by channels and by uplands. The former, such as Grand and Moses 
coulees, appear to have been canyons of a large stream, probably the Columbia, but 
they are now nearly dry. The uplands are elevated portions of the plateau, connected 
with the lower parts by contimious slopes, usually not distinguished by scarp or 
steep. 

Badger Mountain and the \Vat(»rville plateau are parts of this central district, 
situated at its extreme western margin and separated from theeastein foothills of 
the Cascade Range only by the canyon of the Columbia. It will appear later that 
there is in fact no separation in the sense that the mountain district west of the river 
has had an orogenic history different from that of the plateau east of it. But the 
rock structures and conditions of sculpture are so unlike that the two provinces 
appear at first sight to })e physiographically and geologically distinct. 

In the vicinity of Waterville the plateau presents an undulating surface, with a 
maximum Init very local relief of 200 feet in a tenth of a mile. Well-defined but 
shallow drainage channels converge southeastward from a flat divide at 2,1>00 to 3,000 
feet above sea. They constitute the headwaters of Moses Creek, which soon falls 
into a newlv cut ravine. There was no water in any of the head streams in August, 
1900, and the flow is not only intermittent but nev(»r large. The surface is deeply 
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mantled with line soil, derived from deca}' of the underlying basalt. Active corra- 
sion would qijickly gully and remove if. The surface forms are rounded and filled 
out by blown material, showing that wind mther than water is now the efficient 
modeling agent; 3^et the landscape as a whole presents relief due to stream work. 

In the flat spaces about the margin of the plateau, in the even divide l)etween 
Col)erly and Moses creeks, and in table hills southeast of Waterville, there are areas 
of considerable extent which are not now being eroded by streams. They present 
flattish surfaces, due to earlier low-level erosion, and are herein correlated as 
remnants of the plain once cut upon the basalt surface. From these remnants this 
plain is traced into the Cascade or Methow plain recognized by Russell. 

Badger Mountain apj)ears as a long, low hill when seen from the north from 
Waterville plateau. Although it rises l,4r(M) feet above the plateau, its slopes are so 
gentle, its surface so smooth, its length so extended, that it does not appear to be 
more than a hill. The summit is broad and flat, and long spurs with even slope 
extend not only northward but also southward several miles into the high valley of 
Rock Island Creek. Only when seen from the depths of the C'Olumbia gorge or in 
relation thereto is Badger Mountain impressive, as toward the canyon it generally 
presents one or more nmral escaipments of basalt crowning a confusion of landslide 
terraces, and it is conspicuous in height and mass. 

The details of relief cut in its northern and southern slopes are more marked 
than those of the Waterville plateau, as might be expected from their steeper grade; 
but they are not accented by rock}" walls, as are the similar features of Moses and 
Coberly creeks. Careful study of the two slopes of the mountain in riding across it 
discovered no conspicuous rock outcrops on the north or south. In the district 
of Imsalt flows, in which Badger Mountain lies, outcTops are rare where the dip 
of the basalt sheets and the surface slope nearly or quite agree; the outcrops are, on 
the contrary, conspicuous and continuous, like terrace walls, where a gentle dip of the 
sheets is l)eveled by a steeper surface slope. It is inferred, therefore, that the basalt 
sheets conform in a general way to the arched surface of the mountain, as they do to 
the surface of the Waterville plateau and of the synclinal valley of Rock Island Creek. 

When the physiographic features of the mountain are compared with those of 
the plateau they are found to be very similar if not identical. In the plateau there 
may hv recognized flats of an old lowland and later slightly developed relief. On 
Badger Mountain the flats may }>e identified in surfaces of long unmodified spurs 
and in the level summit, while the later n»lief appears more decidedly developed, 
but of the same stage as that of the plateau. The mountain therefore api)ears to be 
a part of the plateau, raised to a greater elevation without interruption of the sloi)e. 
In consequence of altitude and accenti^d grade, the mass is undergoing more rapid 
corrasion than the adjacent plains of like rock, })ut the process of dissection has made 
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very little progress. Hence we may infer comparative inefficiency of the process or 
recency of relative uplift, or both. 

TRIBUTARIES OF THE COLUMBIA. 

The traveler following the eastern bank of the Columbia crosses but a single 
stream, Coberly Creek, whereas along the western bank from Wenatchee to Chelan 
he encounters in 35 miles six streams, of which three are rivers. This distinction is 
not limited to the short stretch under consideration, it being true of the Colum})ia 
throughout central Washington. From Spokane River to Snake River, 275 miles, 
no tributary of noticeable size enters from the east, while seven large rivers come in 
from the west. On the one side is an arid plateau; on the other, well- watered 
mountain systems. 

Wenatchee River, Lake Chelan, the independent streams between them, and 
their tributaries drain approximately 30,(X)0 square miles of high, mountainous 
country, which receives for the most part ver}^ heavy precipitation. The volume of 
water which they contribute to the Columbia is accordingly large. The three 
dominant rivers are Wenat<*hee, Entiat, and Chelan. Their courses are practically 
parallel, and at first sight, as stated by Russell,'' appear to be simply consequent 
upon the surfac^e slope of the uplifted Cascade Plain. Evidence will be given later 
to show that Chelan is a composite stream, made up of several parts united by 
piracy; and it is probable that Entiat also consists of parts of what were formerly 
distinct streams. The history of Wenatchee River is not made out in detail, but it 
has a wider branching system than the others, and may, like them, be a composite 
river. Reason will be shown later, however, for considering it an older river than 
Chelan, and one which has lost to the Chelan system an important part of its head- 
waters. The Yakima and Methow systems appear to be equivalent to the Wenatchee 
in age and general history, and these three may be classed with the Columbia as 
representing a drainage system from which the existing one is derived by adjustments. 

The several valleys which join the C\)lumbia from the west between Wenatchee 
and Chelan may now })e appropriately considered. 

WENATCHEE VALLEY. 

Wenat(;hee Valley is developed on a mass of arkose sandstone lying between 
harder granite and gneiss. Whatever the antecedent conditions of drainage, adjust- 
ment to this soft mass and opening of a wide valley nuist result in time. The degree 
of adjustment attained and the extent of the valley apix'ar to be such as to show that 
there has })een adequate time. In one res])ect, however, the river exhibits an eccen- 
tric course. After flowing some miles southward in the sandstone area, it turns 
abruptly westward and crosses into the adjacent granite on the west. Russell'' 

"Twentieth Ann. Kept. U. S. (Jeol. Survey, pt. 2. p. 146. ''Ibid., pp. 140 imd 15H. 
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describes the depth of the can^^on which the river has cut in granite as 3,(K)0 feet, and 
the length 6 miles. An interesting problem is thus presented, and several alternative 
hypotheses occur in explanation. First, there is the idea that the meandering river 
was superimposed upon sandstone and granite at a time when their surfaces came to 
a common peneplain.^ In this view the eccentricity is an original feature which 
adjustment has not yet modified. Second, the broad valley which exists in the 
sandstone may be looked upon as the original course of Wenatchee River, and the 
eccentricity of the present channel ma^' l>e ascril^ed to diversion. A possible cause of 
diversion may be found in glaciation. As descrited by Russell, the Wenatchee glacier 
once filled the upper valley as far down as a point abreast of the present entrance of 
the river into the granite canyon. Under appropriate topogmphic conditions the 
ice might be competent to cany a stream flowing on its western margin over a divide 
into a small ravine adjacent, and thus the conditions for development of the present 
relations might be established. The fact that Upper Wenatchee River flows along 
the western side of its broad valley lends color to the hypothesis. 

At present a low divide crosses the sandstone area south of the elbow which 
carries the Wenatchee into the granite. The divide is so low that it does not 
interrupt the view up the valley from Leavenworth, and its sky line falls in with 
the general elevation of neighboring hills of sandstone, while all such hilltops lie 
umch below the granite and gneiss mountains on either hand. It is this view of a 
continuous valley which suggests the hv]X)thesis of a formerly straight and now- 
diverted course of Wenatchee River. The divide, nevertheless, requires explanation. 
Its elevation above that part of the valley upstream from it is a condition which 
could have resulted only from degradation of the upi>er valley, since the Wenatchee 
ceased to flow straight south across the cb'vide. The depression of the upi^er vall(\v 
ma}- have occurred (a) through ])ost-Glacial work of the diverted river; (b) during 
a glacial epoch through ice erosion by the Wenatchee glacier; (c) in interglacial time 
by degradation due to the diverted river, provided the stream was turned into the 
granite area during an earlier glacial epoch than tliat which is well known b\' its 
evident and widespread phenomena. Two e):K)chs of glaciation are recorded in 
separate tills (th(» Admiralty and Vashon tills) in the Puget Sound Basin,'' and the 
glaciers were there confluent from the C'as(*ades, yet in the area of glacial erosion 
records of one* epoch only have been found. It is possible that general uplift and 
erosion were incidents of an interglacial time and that the earlier glacial sculpture 
and deposits have becm largely obliterated. Detailed study of the 'profiles and 
gravels of Wenat<'hee Valley and Canyon may throw light on the problem of two 
glacial epochs. 

nTvventielh Ann. Rept. V. S. Creol. Survey, pi. 2. p. 110 

^ Willis. Bailey. Drift phenomcnH of Pugot S«niiid: Bull. (iool. S<>c. America, vol. IX, pp. 111-1»»J 
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The effects of deformation which are described in the last sections of this paper 
may also be considered in this connection, and the area about Wenatchee Lake may 
be found to have l)een depressed or wai*ped down relatively to the lower valley. 

KXTIAT VALLEY. 

Entiat River is a small stream amon^ its fellows. It lies between Wenatchee 
and Chelan rivers, and its drainage basin is surrounded l)y the basins of these 
streams, which join around its head and cut it off from the high glacier-bearing 
district of the Cascades. The stream is about 35 miles long and has a straight 
course (S. 28^ E.) to within 3^ miles of its mouth, wh(»re it turns east to the 
Columbia. The valley is very symmetrical and is limited by the parallel Entiat 
and Chelan mountains. 

The Entiat flows in a deep gorge, comparable in form with, l)ut narrower than, 
that of the Columbia. Near its mouth the steep slopes are about 1,500 feet high, 
and on the south, up to 2,600 feet above the river, the trilmtary ravines are sharply 
chiseled. North of the stream and 1,900 feet above it begin gentler slo|>es and broader 
features, which are connected with those that lie above the inner gorge of the 
Columbia. Up the Entiat, about the junction with Mud Creek, the canyon appears 
to be but 1,200 feet deep and near Stormy Creek not more than 1,000 feet. These 
differences are coordinate with the grade of the Entiat, which from Stomiy Creek 
to the Columbia falls 950 feet, and thus sinks that nnich deei)er below the practically 
level contour of the base of the outer gentle topographic fonns. 

Three miles above Stormy Creek the Entiat Valley bottom is half a mile wide 
and the slopes of the canyon are continuously steep for 8,50o feet up to the closely 
adjacent sunnnits of Tyee Mountain and the Chelan Mountains. This phase of the 
gorge is related in as^^ect and position to the section of Lake Chelan above Twenty- 
live Mile ('reek. Each presents the appearance of a youthful canyon moditied by 
glaciation, and their development will be further discusssd in stating the history of 
Lake Chelan. 

The position of the Entiat Valley does not appear to be due to an}' zone of rocks 
weaker than others so far as the distribution of rock masses is known by examination 
of float in the river near its mouth and by traversing the C'helan Mountains. The 
area is one of gneisses and intrusives. probably related in intricate manner. The 
rocks of the crest of the Chelan Range are, indeed, dikes which are relatively hard, 
and the divide is determined )}y them; the Entiat Range may be similiarly crested; 
but these dikes of hard materials are not confined to the sunnuits. They presumably 
occur irregularly within the Entiat Basin. 

A simply fortuitous condition miglit determine the position of a minor valley 
like that of the Entiat between two larger ones, Init there are some reasons for 
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believing that chance has not been a dominant factor in this case. It will be shown 
that the Entiat Mountains are loi»ated on an uplift, which was there more pronounced 
than alon^ adjacent lines. The trend of this uplift is northwest-southe^ist, and it now 
limits the Entiat drainage l)asin on the southwest. The Chelan Mountains are prob- 
ably along a similar line of uplift. Thus the Entiat Basin apparently occupies the 
position of a depression between two uplifts, possibly a downwarp valley. 

The stream is, however, older than the most recent earth movements which have 
affected its present course. The uplift of the region in general, and of the Badger- 
Entiat Range in particular, occurred in two distinct episodes, and the first limited 
the Entiat Valle}'. The river appears then to have flowed straight to the Columbia. 
Its old channel is marked by the gap in the spur southwest of its present mouth, 
the gap which is shown on the topographic map at the contour of 2,600 feet, and 
which is 1,100 feet below the hilltop that rises northeast of it. The interpretation 
is that the stream was checked by the later movement on the Badger- Entiat axis, 
and was diverted to a new course, its present easterly one. It has since then cut its 
inner canyon down 2,000 feet below the old one. 

NAVARRE COULEE AND KNAPP tX>ULEE. 

Navarre and Knapp coulees are unlike ordinary valleys in several respects. 
First, they carry no running water, except that from a spring w^hich in each flows 
out near the level of the Columbia, at the foot of a gravel terrace. Second, the 
rivulets that now flow from beneath the gravel filling and which gather from gulches 
tributary to the main cx)ulee are disproportionately small when compared to the 
valleys they occupy. Third, the canyons which constitute their present upper 
sections continue beyond the divide and extend into the Chelan Basin. Fourth, they 
have wide, flat floors of gravel, the one 40i), the other 600 feet above the C^lolumbia. 
This gravel filling appears as a conspicuous terrace when viewed from the eastern 
bank of the Columbia. Fifth, the wash from the adjacent hills is so copious that 
alluvial cones are built clear across the flat-bottomed coulee, and thus sections of it 
are conveiled into hollows, which occasionly hold water and accumulate sediment. 

In cross section the two coulees are miniatures of the Columbia gorge. E^ch 
exhibits a narrow valley or canyon within a wider valley and thus records ej)isodes 
of development which are directh^ related to those of the great river. I^ike the 
Columbia, Navarre stream and Knapp stream had their beginnings back in the time 
of the ancient plain whose remnants barely survive in neighboring heights. 
Navarre was always much larger than Knapp, and its features are more conspic- 
uously developed. 

From the Columbia the ascent to Navarre Coulee is by a sharp V gulch, beyond 
which one rides out uix)n the surface of the gmvelly flat 400 feet alx)ve the river 
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(see PI. XI), and for 5 miles may follow the level bottom. One then enters a 
narrower canyon, marked on the west side by a conspicuous vertical wall of granite 
800 feet high, and in three-fourths of a mile passes through this gate into a pretty 
glade lying level between wooded slopes. The head of this glade is an amphitheater, 
little more than 200 yards in diameter and steeply hemmed in. It is silent now save 
for the sighing of the pines, but at its farthest point is the vacant site of a cascade, 
whose voice once resounded from the surrounding hills. The fall was about 150 
feet and the volume of water was large. The stream was a river flowing from the 
Chelan glacier, and by this pass the great mass of gravel which fills the lower canyon 
entered Navarre Coulee. At the end of the latest glacial episode the ice sank within 
the Chelan Basin and the river found a lower eastern course. The cascade, however, 
is only the latest incident in the history of the valley. Before the ice time Navarre 
stream had cut the inner canyon and before that the outer valley. 

Above the cascade's vacant channel, as one rides out upon a gravel terrace from 
which the slope descends 600 feet to Lake Chelan, the emphasis of the environment 
is upon the recent glacial condition; but reverting to the earlier history one finds no 
apparent source of the older stream. The valley is cut clear through the divide and 
ends in the air high above any streams which might once have been its headwaters. 

Knapp Coulee closely resembles Navarre, but on a smaller and less emphatic 
scale. Near its southern end and western side bare rocks rise boldh' in the face of 
the gravel terrace below the channel of the latest glacial stream and formed the sill 
over which the cascade dashed. Northward and 500 to 600 feet above the Columbia 
the surface of the gravel terrace extends 2 miles to a narrower section, which corre- 
sponds to the conspicuous canyon of Navarre, and by this pass the open slope above 
Lake Chelan is reached. Again the valley is cut through the divide and at least 400 
feet below it, but the headwaters of the stream whi(;h accomplished the task have 
been so diverted to lower channels that they can no longer flow through the pass; 
indeed, they can no longer be positively identified, except that they must now l>e 
tributary to Lake Chelan. 

The history of these coulees is thus seen to comprise in order (1) an early stage 
of valley development at. a surface now above the 2,000-foot contour; (2) a phase of 
canyon cutting, which w'as sharply accentuated in a space just south of the C^helan 
Basin; (3) the diversion of the headwaters; (4) the reoccupation of the channels by 
glacial streams, which, being heavilv overloaded, filled them with gravel; (5) their 
present condition, in which they are being aggnided by wash from the steep side 
slopes, and reexcavation has l)egun in gullies facing the Columbia. 

These incidents of individual history, especially the accented canyons and diver- 
sion of headwaters, flt in with other evidtMices in the interpretation of the character 
and distribution of deformation of the region. 
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LAKE CHELAN. 



Lake Chelan is a slender body of water 65 miles long, whose southeastern end 
lies open to the sky between the grass-grown hills of the outer Columbia Valley, 
while its northwestern lies in shadow between precipitous mountains in the heart of 
the Cascade Range. There are sandy shallows near its outlet, but beneath the cliffs 
of its upper course the water is profoundly deep. 

In brief technical phrase, the lake basin is a canyon modified, deepened, and 
dammed by glaciation. The canyon is that of the Stehekin-Chelan River, which rises 
in latitude 48^ 30' in glaciers of the Cascade Range at altitudes of 5,000 to 8,000 feet. 
The headwaters descend very abruptly, 1,000 to 1,800 feet in the first mile below the 
glaciers, and combine in a U-shaped valley of gentler gi'ade, the fall being 2,500 feet 
in 23 miles. This section is cut in rock bottom. For 12 miles farther downstream 
the valley is floored with bowlders, coarse gravel, and sand, and the slope is but 20 
feet to the mile, ending in the delta which the stream is building into Lake Chelan. 

The gravel-filled section of the valley is no doubt deeply cut in the solid rock, 
since but a short distance beyond the front of the delta the lake is more than 500 feet 
deep. For a distance of 35 miles the depth varies from 1,000 to 1,400 feet, 1,419 
being the maximum as yet sounded. As the water surface is but 1,079 feet above 
sea, the bottom of the lake is for a short stretch 300 feet below sea level, and an inter- 
esting question is raised as to how so deep a basin originated. Fifteen miles from 
its outlet the lake begins to shallow, and in its lower reach does not exceed 20(> feet 
in depth. 

The water is retained at its present level by a dam of sand and gravel, which in 
the section exposed b}^ Chelan River is seen to consist of several successive members, 
i. e., soil, coarse stream gravel, till, very coarse gnivel in pockets or channels, and 
cross stratified sands. The base of the drift is not exposed. This drift dam fills the 
preglacial valley by which the Stehekin-Chelan River once reached the Columbia, 
and the present outlet turns from the drift into the gneiss and granite south of it, 
and has there cut a deep rock gorge. 

The topographic environment of Lake Chelan presents several distinct pliases. 
(See Pis. I and XIII.) About the eastern end the general aspect is that of a wide, 
open valley bounded by hills 1,500 to 2,500 feet high. The slopes are marked by 
long, low spurs, whose profiles rise moderatel3% but with increasing angle upward 
to the summits. Slight hollows between them have consistent grades. The surface 
is that of mature topograph}- characterized by profiles which are concave upward, 
but on traversing the hilltops one notes in their flattish and rounded forms that the 
stage of maturity is not everywhere completely developed, else the ridge crests 
would be sharp, and sympathetic with the active corrasion of the slopes. The earlier 
phase is not, however, distinctly traceable in these summits. 
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Upon this mature surface are cut and built certain younger features. Where the 
major spurs sweep downward to the level that once was the valley floor and become 
gentle in slope, they end abruptly in steep or precipitous facets which break directly 
down to the lake shore and are about 400 feet high. These bluffs might readily be 
attributed to ice erosion, in view of the conspicuous evidences of glaciation in the 
Chelan Basin, but the}' are traced and correlated with the steeps which wall the inner 
gorge of the Columbia below the limit of any glacier, and they therefore are similar 
elements of the Stehekin-Chelan canyon which was cut within the mature topog- 
raphy of an earlier date. 

Terraces which fill the hollows and occasionally ski it the slopes for some 
distance occur at various levels up to 1,100 feet above the lake. Their topographic 
position, relations among themselves, and constitution show that they formed in 
lakelets confined on the hillside by spurs and on the now open side by the glacier 
which occupied the Chelan Basin. A full discussion of them belongs to the glacial 
history of the region. 

In the view from Chelan Butte northwestward, the lower section of Lake 
Chelan is seen for a distance of alx)ut 15 miles to occupy the wide basin just 
described. Its trend in this stretch is north by west 8 miles, and thence due north 
7 miles. Along the western side of the latter reach runs a ])old ridge, whose even 
crest is 3,600 to 4,200 feet above the lake and whose eastern face descends precip- 
itously nearly to the water. A marked feature of its scarp is a deepl}' stained 
surface, freshly exposed, which is locally known as Red Slide. The lake trends 
westward around the northern end of Red Slide ridge and disappears from view 
among lofty mountains. The Methow Range lies north, the Chelan Range south, 
both rising to more than 7,000 feet above sea within 5 or (> miles of the lake, and 
both sending out long, high spurs which maintain altitudes of f),OCK) feet above sea to 
within 2 miles or less of the lake. From these spurs descend verv steep slopes, 
scored by little ravines and worn by glacial action. 

Sunk deep among the mountain heights, the fiord-like lake extends 32 miles. 
The grand(»ur of the scenery readily lends itself to superlative description, but exact 
statement must be modemte. The walls of the canyon are sloping, not precipitous. 
Bare and gray and desolate, the mountain sides and cloud-draped peaks are very 
impressive, but though their height be 0,000 feet above the lake they nowhere tower 
in precipices like Yosemite walls. The maximum inclination is usually near the 
water surface*, and for a hundred feet or so may locally approach f)0 degrees. Gen- 
erally it is less than 40 degrees. And from this steepest facet the profiles rise in a 
curve which is convex upward, and pass into the nearly level spurs of the adjacent 
ranges. The narrowest and boldest section of the canyon is just above Safety 
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Harbor Creek. It is called the Narrows and is shown in the view PI. XIII, and in 
profile in fig. 5 of PL XIX. 

The physiographic features of the fiord lake are readily correlated with those of 
the Columbia River gorge. The steeps of the latter are not only homologous with 
the walls of the former, but they are mutually traceable one into the other through 
Navarre Coulee, Knapp Coulee, and the Lower Chelan Basin. That they are due to 
a common activity — the familiar corrading action of a stream — is apparent. They 
differ, however, in certain aspects. The gorge of the Columbia exhibits acute pin- 
nacled rock ledges cropping through slopes of soil and loose rwk. The canyon 
of Lake Chelan presents massive rounded bosses of rock, cleaned and worn down by 
a mighty scouring action. This is the work of ice which, as a glacier, flowed 
through the fiord, driven by the accumulations in the tributary valleys of the Cascade 
Range. 

The diverse aspects of the Chelan Basin invite discussion. Its lower valley section 
and its upper fiord-like extent are of different topographic stages, the one being 
mature, the other young. Their diversity may be explained as the result of either 
one of two conditions or of their combination. The lake basin below Twentyfive 
Mile Creek may be cut in softer rocks than the part above that stream, and its more 
advanced topographic development may be due only to a consequently greater mte 
of erosion. Or the section l>elow Twentyfive Mile may actually date farther bac*k 
in time than the upper portion, and may have attained its present stage through 
longer exposure only. But in the view now held by the writer both of these condi- 
tions have been effective. 

As to the rocks in large masses they may be considered in two classes. The softer 
ones are gneiss and schist; the harder are jointed intrusive rocks. Granite occurring 
as dikes outcrops in bold ledges in Chelan Butte and elsewhere, and is one occasion 
of the high divide south of eastern Chelan Basin. Rhyolite-porphyry and granite- 
porphyry dikes stand out ruggedly as the crest of the Chelan Range, and similar 
rocks occur extensively in the Methow Range, at least about the head of Safety 
Harbor Creek. On the other hand, the rocks seen north of the eastern part of I^ake 
Chelan are micaceous and schistose. In so far as these differences coincide with 
heights and hollows, we may attribute a certain effect to them, and the most con- 
spicuous instance of such coincidence is found about I^ake Chelan below Twentyfive 
Mile. But on the whole the region is characterized by indifference of topogmphic 
phase to rock structure, and the distinctions descri])ed are not adequate in themselves 
to explain the great features of Ltike Chelan. 

A number of facts go to show that the Stehekin-Chelaii canyon is a composite 
one, and that the development began at the east and extended westward. In that 
(»ase the eastern section dates farther back, and its advanced topographic aspects 
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gentler than it was toward the basin of lower Lake Chelan at the place where Chelan 
drainage headed against it. There can be no question but that the development 
of that slope caused vigorous growth of the head branches of streams rising on it, 
and that capture and diversion of any river less favombly situated must result. 
That there was such a river appears to follow from the recognition of an old valley 
which now lies at a great elevation and is completely dissected. In describing this 
feature it will be convenient to name it, and it will be called Russell River. " 

The valley of Russell River was first recognized in the summer of 1899 in a 
view east and northeast across the Entiat and Chelan mountains. On the southeast 
the Mount Stuart group formed the right wing, and on the northwest the high 
summits of the Cascades were the left wing. In the far distance on the horizon 
lay the basalt plateau of central Washington. Accoi-ding to expectation, the Chelan 
and Entiat mountains, extending from the high Cascades on the west to the basalt 
plateau, should descend in a general slope without marked depression along the 
mid-sections, or decided elevation in the eastern ends. But such depression and 
elevations were striking features of the view. Stormy (7,219 feet), Baldy (6,432 
feet), Tyee (6,688 feet), and heights in the eastern Entiat mountains not yet mapped 
stand higher than those portions of the ranges between them and the Cascades. 
The profiles of the lower mid-sections of the ranges are peculiarly flat and suggested 
cross sections of a shallow valley. The heights east of the mid-sections are traversed 
by the deep canyons of Entiat River and Chelan, such can3'ons as should be formed 
by streams attacking an elevated bench and retrogressively cutting into it. The 
slope of the supjwsed bench forms the eastern side of the Cascade mass and is a 
necessary feature connecting the mountain block with the lower surfaces on the east. 
And a stream flowing on the bench and parallel to its face in the general position of 
a vallej- corresponding with the lower mid-sections of the range would be peculiarly 
liable to capture. 

When in 1899 this hypothesis of the former existence and complete diversion of 
Russell River was framed, equal (ionsidei'ation was given to another explanation. It 
was that the depression along the mid-sections of the ranges was due to a zone of 
weak rocks, which had wasted faster and yielded lower divides between the attacking 
streams. In 1900 these In'potheses were tested so far as practicable. The depres- 
sion was clearly recognized from various points of view on the Chelan and Methow 
mountains, and it was visited at the only place accessible to the route followed. 
This place is in the southwest corner of the Methow quadrangle (see PI. XVII), about 
the head of Lake Creek. The divide between Lake Creek and Lake Chelan is 5,900 
to 6,000 feet above sea, and the heights on the east rise above 6,700 with points over 
7,000, while those on the west reach 8,500 feet at a considerable distance. The low 

» In honor of Prof. I. C. Russell, who first published an account of the Methow plain, on which the river flowed 
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ENTIAT MOUNTAINS. 

To see the Entiat Mountains against the sky and in their relation to the Columbia 
gorge and Badger Mountain, one should ascend the spur between Navarre and 
Knapp coulees to an altitude of 3,1(X) feet. Thence Badger Mountain presents an 
unbroken even-topped height which is taken up by the Entiat Mountains and carried 
westward for 2 miles till it rises into conical peaks 80() feet higher. (See profile 7, 
PI. XIX.) The otherwise uniform sweep is broken by the great valley of the 
Columbia, which clearly exhibits its inner gorge and outer slopes. Restoring what 
the river has cut away, the topographic continuity of Badger and Entiat is apparent, 
and they are also geologically a unit, since the basalt and gneisses occur in similar 
relations in both. 

The continuity of structure and profile of the mountains which the Columbia 
divides shows that they are of one mass that moved as a unit in the uplift of the 
region. Similar reasoning and conclusion apply to Waterville plateau and the mesa 
north of Entiat River. They also, though divided, are of one mass, but their sur- 
faces lie 1,000 to 2,000 feet lower than the mountains. The river's trench is deeply 
cut in both masses, but if we filled it to the brink between the plateau and the mesa, 
the stream could not flow across the higher mountains before it. It is clear that 
when the river adopted ita course the mountains were not higher than the plateau, but 
that since that time the Badger- Entiat mass has been raised higher than the region 
north of it. As has already been pointed out, this uplift sufliced to cause the diver- 
sion of the lower part of Entiat River, but it did not rise with suflicient rapidity to 
turn the great master stream, the Cohimbia. 

The broad flat at the eastern end of the P^ntiat Range, 4,500 to 4,1KM) feet above 
sea, corresponds in extent with a })asalt remnant. The dip of the basalt is not less 
than 3 degrees and pro})ably nearer 5 degrees to the north. The slope* of the surface 
is about li degrees in the same direction. The dip and slope therefore apjiear to 
diverge 150 feet or more to the mile. If we assume that at any time the surface 
was level, the basalt then dipped H <^i' more degrees, and the level crossed the basalt 
beds at a slight angle. It is more pro})able that the surface declined slightly down 
the course of the Columbia and was cut across the nearly level basalt. Both have 
been tilted in the uplift of the P^ntiat Range. 

Though small, the angle at which the flat surfac^e and the }>asalt })eddi ng diverge is 
hnportant, since the surface is therein' identified as one of erosion in contradistinc- 
tion to one of structure. The (evidence is slight and by itself insuflicient to establish 
a conclusion, but it is sustained by the fact that in this region similar flats are cut 
across structurally indiflTerent gneiss and gnuiite, and it is corroborated in the 
Yaknna district bv the definite obseiTations of G. O. Smith, with which it is in line. 
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CHELAN MOUNTAINS. 

From Columbia River at Navarre Coulee an Indian trail leads to Stormy 
Mountain, the highest point of the Chelan Range, and following the crest for some 
miles in a northwesterly direction crosses the Entiat Valley and the Wenatchee 
Mountains toward Leavenworth. Like most Indian routes in this region, it was 
chosen from among the many possible ones because it presented little difficulty to 
the passage of horses, the ridges followed ,being of gentle rise. To this fact of 
topographic form and to exceptions to it, attention is now called. 

After a sharp scramble of 1,200 to 1,600 feet it is a sui'prise to ride out upon 
nearly level or broadly rounded surfaces which are deeply mantled with soil. Yellow 
pines {Pimis pand^rom) grow vigorously, but widely spaced, as is their habit; the 
surface is scantily covered with grass, and groups of shrubs stand here and there. 
A few hundred feet to right and left this surfatic rounds off into steep slopes that 
descend to adjacent hollows. Follow a lateral spur of the ridge and you come to a 
cliff, the margin of a larger ravine. Pursue your course northward along the ridge 
and you ascend easily, though with occasional slight descent, to about 4,000 feet 
above sea. Gi'adually the ascent becomes steeper to the top of a ridge at 5,000 feet, 
and following this two miles to the eastern side of Baldy Mountain you strike a 
moderate slope of limited extent at about 5,500 feet above sea. Above this Bald}' 
presents a sen-ate ridge whose highest tooth attains i)^VS2 feet above sea. The 
height, the ragged angular forms, and bare talus all mark the hardness of the rocks, 
rbyolitic porphyry and gi-anite, which occur in a system of large dikes trav ersing 
hornblende-gneiss. Stormy Mountain (7,211) feet), the spur (7,142 feet) 8 miles 
northwest of Baldy, and nmcli of the iutervening crest are sustained })y similar dikes 
and present the same acute topographic forms, but adjacent to them, at elevations 
above 6,000 feet, there are gently rounded flattisli surfaces, which are physiograph- 
ically not in sympathy with the a(*tive work of frost on the peaks above or the 
energetic corrasion progressing in the ravines near by. These fiats are of small 
extent, but of definite character. The most apparent one lies between Twenty live 
Mile and Lak«» creeks, where the divide trends north, leaving the dike system of 
rhyolitic porphyrv that runs out in the sharp peak at 7,142 feet. For convenience, 
it may })e called Fourniile Ridge. The ])revailing rocks of Fourmile Ridge are 
granite and gniMss, which afford no structural occasion for the flattish surface. For 
a distance of 4 miles the sunmiit has a g<»neral elevation above 6,f)00 and below 0,800 
feet, declining gently northward. It is slightly notched at sevenil points, and even 
where it widens out it is rounded, not l«»vel. But lying as it does between steep and 
even precipitous slo])es which descend a thousand feet into the adjacent depths, its 
grassy, soil-covered surface is a striking remnant of an earlier physiographic 
144J)8— No. li>— 08 5 
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condition. It is a derivative from a plain, and although modified it has not lost its 
significant aspect, a long and practically continuous uniform slope. (See profile 5, 
PI. XIX.) 

Had the rider, ascending from the Columbia along the old Indian trail, turned 
southwest on the level above the 8,000-foot contour, he might have followed the 
divide between the Columbia and the Entiat, over the broad hill having an altitude 
of 8,757 feet, and out onto the bit of plateau or mesa which overlooks the junction of 
the two rivers. As may be seen from the topographic map, the accents of the ridge 
are slight, but the ravines carved in its sides are acute. The surface at an altitude 
of about 3,757 feet, its northeastern and southwestern spurs, and the mesa southeast 
of Strummel Canyon are peculiarly broad and simple forms as compared with their 
environment. The mesa exhibitsS occasional basalt scarps and is a corner of the 
Watei'ville plateau isolated by the Columbia Gorge. Through its structuml and 
physiographic characters it is an important link between the great plateau and the 
Chelan Mountains. Approaching the mesa in form, but unlike it in rock structure, 
the hill having an altitude of 8,757 feet continues the same topographic phase, and 
its spurs extend the type on the one side to the Entiat Gorge, on the other to Navarre 
Coulee. 

Considered as a whole, these features are clearly distinguishable from the steeps 
which are now subject to energetic corrasion by brooks and rivulets. Considered in 
detail, two less clearh' distinct phases may be recognized among these broader features. 
Discriminating by form we may find surfaces which approach a plain and those which 
are marked by moderate relief; judging by relative elevation, we shall discover the 
plainer surfaces above the more clearly sculptured ones, but without definite 
boundaries between them. Carrying the comparisons over wider areas the flats are 
found at different heights, but always in the same physiographic relations. 

Thus, physiographically, the mesa, the spurs of the hill with an altitude of 3,757 
feet, and Fourmile Ridge belong to one and the same stage. The crests of the hill 
which has an altitude of 3,757 feet, of Baldy, of Stormy, and of the hill which has 
an altitude of 7,142 feet, are older monadnocks, whereas the long spurs of the range 
fall into the class of later features, and the canyons of all magnitudes into that of the 
latest. 

METHOW MOUNTAINS. 

The Methow Mountains lie between I^ake Chelan on the southwest and Twisp 
and Methow rivers on the northeast. Only their southeastern portion, up to Stai 
Peak, is included in the accompanying map (PI. XVIII) and in the profile (PL XIX). 
A portion of it, known as Sawtooth Ridge, extends with serrate and glacier-bearing 
peaks into the heart of the high Cascades. 
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At their eastern end the Methow Mountains are no higher than the neighboring 
plateau east of the Columbia. Like tlie Entiat and Chelan mountains they are 
structurally continuous with the plateau, from which they are separated only by the 
canj^on which the river has cut. Looking northward from Chelan Butte or the 
margin of the plateau above Chelan Ferry, the sky line of the plateau is continuous 
with that of the Methow Mountiiins at an altitude of about 8,400 feet. Kising 
w^estward with moderate grade the peaks of Navarre are reached, 7,800 to 8,20() feet 
above sea, and thence northwestward for many miles the sunmiits are of remarkably 
uniform altitude. 

As a mountain mass between Lake Chelan and the parallel valleys northwest of 
it, the Methow Mountains are 12 to 15 miles across from southwest to northeast. 
They have a very definite watershed from which all streams flow by the shortest routes 
to Chelan, Twisp, or Methow rivers. West of a line drawn north and south about 3 
miles east of Navarre Peaks the crest is narrow and often ragged, but high spurs 
extend out on either side to distances of 8 or 4 miles, maintaining in their heights 
the general altitude of the watershed. Navarre Peaks are the southeastern represent- 
atives of a large number of points which closely approach or slightly exceed 8,000 
feet in elevation, and which are linked together by high ridges branching from and 
on a general level with the centml divide. These peaks and spurs are clearly 
derivatives from a plateau. 

The eastern part of the summit exhibits some broad areas, and from them the 
spurs decline gradually, especially toward the southwest. As compared with the 
deep canyons cut in them, these surfaces belong to an earlier stage of topographic 
development. They are residuals which distinguish the district east of an ideal 
line from the region of acutely mature topograph}^ west of it. The distribution of 
ttiese residuals and of the drainage lines flowing southwest and northeast suggests 
that the surface between the Methow and the Chelan east of Navarre Peaks would, 
if restored, form an arch pitching southeast and merging in that direction into the 
basalt plateau. Traced westward this arch flattens out in a level above the summits 
of the higher part of the range. 

In topographic forms and drainage the Methow Mountains i)resent most 
interesting problems which involve the discussion of earlier topographic phases, 
deformation, stream adjustment, and glaciation. But the writers opportunities 
for observation have not been sufficient to solve them. 
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SYNTHETIC DISCUSSION. 
GENERAL STATEBfENT. 

In the preceding pages the separate features of the region have been described 
as they now are, and 'their interpretation in terms of topographic development has 
been suggested. In what follows it is proposed to discuss each stage of that 
development from the earliest recognized up to the latest glacial epoch. The glacial 
phenomena are very conspicuous and have been noted from the terraces of the 
Columbia to the lingering glaciers of the Cascades, but their record is one which 
is more (lomplex than can be read without special studies which are yet to be made 
by an experienced glacialist. That chapter is therefore not included in this 
discussion. 

Enough has been said in the descriptions to indicate that several stages of topo- 
graphic development have been recognized. They are clearly evident in such a 
profile as No. 1, PI. XIX, from the Entiat Mountains across Columbia Canyon to 
Badger Mountain. Beginning with the highest, the peaks (5,700 to 5,800 feet) and 
the flat adjacent to them are considered to be representatives of the oldest stage of 
which definite evidence remains. They are correlated with Badger Mountain, the 
Waterville plateau, surfaces in the Chelan and possibly the Methow Mountains, and 
the level from which the high Cascades are sculptured. This oldest stage is therefore 
that of the Cascade plateau, as named by Russell, but now called the Methow stage. 
It is also identified by (j. O. Smith. The characteristic topographic type of the 
Methow stage was a plain, upon which residual hills survived. Following Davis, it 
may be designated a peneplain, with monadnocks. 

Within this plain were carved valleys which appear to have attained nearly 
mature development. That of the Columbia in profile No. 1, PL XIX, appears to 
have been 2,000 or 2,500 feet deep and 7 or 8 miles wide. The smaller streams 
certainly developed shallower and narrower valle3\s, but remnants of the Methow 
plain west of the Columbia were few and limited. On account of its preservation in 
the basin of the Entiat, this stage is named from that river. The characteristic 
topographic f onii of the Entiat stage is mature. It occurs as a spur or divide below 
occasional residuals of the Methow stage and a}>ove features of later stages. 

Within the relief of the Entiat stage there were cut deeper channels, some of 
them canyons of impressive depth, many of them simply mountain i-avines. They 
constitute the most marked and everywhere the most characteristic features of the 
topography of the region. Any large stream might ha chosen as exhibiting the type, 
but probably none shows it in various degrees better than the Twisp, which from its 
junction with the Methow to its source in the Cascades lies in a canyon that varies 
from a few hundred to 4,oOO feet in depth, as can be seen on the Methow topographic 
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The following tabulation expresses the most reasonable estimates of correlation 
for the several stages in geologic time. 

Physiographic development of the Cascade Range. 



Physit)- 

graphic 

stage. 


Type l(K*alIty. 


Nature of characteristic 
activity. 


Date, if one un- 
interrupted 
Glacial epoch. 


Date, if two or ] 
more Glacial 
epochs. j 


Period. 


Stchekln . . . 


. Stehekin soiirceR and 
valley. 


Glacial retreat and reexca- 
vation of old valleys. 


Post-Glacial to 
present. 


Post-Glacial to 
present. 


Recent. 


Chelan 


. Gorge of Lake Chelan 
and terraces of the 
Columbia.. 


Glacial occupation of can- 
yons, canyon modifica- 
tion, and valley filling 
by overloaded streams. 
Glacial diversion of 
streams. 


Glacial epoch .. 


' Latest Glacial 
1 epoch. 


Pleistocene. 


Twlsp 


. Canyon of the Twisp, 
1 Methow quadrangle. 


General acceleration of cor- 
rasion, resulting in exca- 
vation of canyons and 
ravines with readjust- 
ments of drainage. 


Pre-Glacial 


Inter-Glaclal ... 


Pliocene or 
Pleistocene. 


EnUat 


. Basin of the Entiat and 
foot spurs of the Chelan 
Range. 


Development of mature 
topography generally 
throughout the Cascade 
plateau. 

Planation by eroeion to a 
low plain with monad- 
nocks. 


Pre-Glacial 


Earlier Glacial 
epoch. 

i 


(SlerranAge.) 


Methow.... 


.1 Generally throughout the 
broad mountain dis- 
trict, and specifically 
in Yakima Valley. 


Pre-Glacial 


Pre-Glactol 


Pliocene. 






METHOW STAGE. 







CONDITIONS OF DEVELOPMENT. 



The characteristic feature of the Methow stage was a plain, and where now 
recognized the essential form of the remnants is a flat, or approaches a flat, from 
which the existing surface is immediately derived. The plain might have originated 
through (a) marine deposition, (J) marine planation, (c) as the original surface of a 
lava flow, (d) by erosion to a peneplain. 

{a and b) Marine deposition and planation are excluded from among the possible 
conditions of development of the Methow plain, because the surface extended over 
hundreds of square miles without being in any way conformably related to any 
sedimentary formation, and is cut unconformably across the bedding of the youngest 
sediments of the district, the EUensburg formation. 

(c) The original surfaces of Miocene basalt flows probably coincide with the 
Methow plain in some areas of the Columbia Basin, and it has been thought that 
these coincidences were so extensive that the plain was determined by the basalt, at 
least as far as the flows extended. The writer's local observations about Waterville 
and west of the Columbia are not satisfactorily definite in this regard. At the one 
point where dip of the basalt could be seen in the Entiat Mountains there is a slight 
unconformity, but generally no good observation was possible. In the Yakima 
district, however, where the evidence of coincidence was thought to be most striking, 
(t. O. Smith has observed a general unconformity, which, though commonly slight. 



METHOW STAGE. 71 

is often considerable, and, though the angle of divergence be small, it is sufficient 
to carry the plain diagonally across the great thickness of the basalts, from older to 
later rocks. Thus in a broad view the unconformity is unmistakable, and the plain 
is not identical with the surface of the lava flows. 

(d) The extent of the Methow plain as observed by Russell and the writer is 
more than 10,000 square miles. It has been identified by Russell, Smith, and the 
writer as a feature cut upon nearly all rocks of the region, the schistose meta- 
morphics, the Tertiary arkose sandstones, the bedded basalt flows, and the pumaceous 
elastics of the Ellensburg formation. These facts are consistent with but one 
interpretation, that of widespread planation by agencies of subaerial erosion to a 
plain approaching base-level. The Methow plain, therefore, represents a flat low- 
land. The plain has been observed not to agree with nor pass over some summits 
of granite, granite-porphyry, rhyolitic porphyry, and other intrusives. These emi- 
nences are regarded by the writer as monadnocks, which mark a certain degree of 
incompleteness in planation. 

Criteria of recognition, — The characteristics by which areas of the Methow 
plain are identified are flatness, unsympathetic relation to environment, and relative 
elevation. Flatness is not used in a mathematical sense. No topographic feature 
is a plane, and it is not probable that any area of the old plain survives with 
unmodified surface. An approach to flatness is all that can be looked for. Flat 
does not mean level. The old plain had indeed a very low slope, but in course of 
elevation te the altitudes at which it is now found — 3,000 to 9,000 feet — it has 
acquired relatively steep inclinations at some places. 

An unsympathetic relation of a topographic feature to its environment is that 
relation in which the feature could not develop or in which the prevailing activities 
are working to destroy it. An elevated flat crowning steep slopes is in an unsym- 
pathetic relation to it^ environment. Lcvss obviously, but not less truly unsympa- 
thetic, are long, smooth slopes and spurs subject to attjick by streams retrogressively 
developing their channels. In the usual case the unsympathetic feature is a 
residual, which still retains in part a surface developed under a different environ- 
ment, but where the original surface is all eroded the unsympathetic form may 
still be seen in inherited features or relations. Thus uniform deviation of moun- 
tain smnmits is interpreted as inheritance from a plain w^hich was dissected in 
consequence of elevation. The uniformity is not in sympathy with the height. 
There are, furthermore, degrees of unsympathetic relations. The extreme is that 
existing between a plateau and a canyon, between passive age and aggressive youth. 
Of a less degree is the diversity between a w ide or rounded ridge crest and slopes 
which approach maturity. And canyons cut in maturelv developed topography 
afford examples of least conspicuous unsympathetic relations 
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Relative elevation is an important factor in recognizing remnants of the 
Methow plain, but in this respect elevation above sea is less significant than 
position above other features. Since in course of physiographic development an 
older residual feature commonly lies above all younger forms, we should look for 
remnants of the plain, the oldest surviving phase, at the greatest altitudes in any 
locality; but where the plain falls below any summit we are constrained to recognize 
the latter as a residual, or monadnock, upon the plain. 

Distribution and character of residnah. — Detailed geologic surveying with 
adequate base maps has been carried out in the Cascade province chiefly by G. O. 
Smith. His identification of the Methow plain in the Yakima province is described 
by him in the earlier part of this paper, to which the reader is referred. In what 
follows the plain is traced in the district between Wenatchee and Methow and in 
portions of the high Cascades seen by the writer. 

The distribution of recognized residuals is shown on the maps. Pis. XVI, XVII, 
and XVIII. The mapping is an adaptation of observation to base map, carried out 
in the office and largely guided by the topographer's delineation of forms. Exact 
boundaries can not be recognized in the field, except occasionally for short spaces, 
and none are attempted in the graphic statement. The areas delineated as repre- 
senting the Methow plain are not thought ever to correspond exactly in surface 
with it. They have been modified slightly by t^orrasion and materially b}' disinte- 
gration and wind erosion; but they retain the typical character of the plain 
sufficiently to demonstrate its former existence and to represent it. 

In the Waterville plateau wide areas are characterized by flatness. They occupy 
the positions of broad divides and are conmionly distinguished from lower, gently 
sloping surfaces by an intermediate steeper facet. They are unsympathetic to the 
slightly accented drainage channels, and they fall into one geneml plain. They 
probably correspond nearly with the surface of basalt flows, ])ut no outcrops of the 
roi»k were ol)served, deep soil prevailing everywhere within sight of the writer's 
route except on the scarps toward Columbia River. Their great extent removes 
them from the category. of surfaces possibly due to rock structure only, and their 
other characters identify them as residuals of an ancient lowland plain of erosion. 

Two isolated hills southeast of Waterville and the nearby spurs of Badger 
Mountain are }>elieved closely to approach the flat of the Methow plain. The spur 
east of the main road from Waterville across the mountain most nearly continues 
to the simmiit an unbroken surface, which may be considered representative. The 
top of Badger Mountain has the character of the Waterville plateau, and long, even 
spurs extend this aspi^ct into the valley of Rock Island Creek on the south. 
Independent physiographic evidence of Columbia Canyon and some meager 
structural facts show that the mountain is an anticline of later development than the 
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Methow plain, which should accordingl}^ rise above the arch or to a greater or less 
degree coincide with it. In general profile the coincidence appears to be close; the 
summit and southern slopes are probably not much modified; but the northern slope 
is dissected until very little, if any, part of the surface represents the plain. 

South of Rock Island Creek the chai'acteristic broad expanses extend to the 
escarpment above the Columbia gorge and their sky lines are continuous across the 
canyon with the heights of Table Mountain, from which they descend to the Yakima 
Valley. 

The Methow plain west of the Columbia is preserved in a few small remnants 
only. The even slope on basalt in the eastern end of the Entiat Mountains, 4,800 to 
4,900 feet above sea; Ribbon Mesa, 3,300 feet; spurs a})ove the contour of 3,400 
feet on the hill^ which reaches an elevation of 3,747 feet; andFourmile Ridge, 6,700 
feet, have all been described. They are topographic flats which are on the whole 
not determined by structure planes of the basalt, where there is basalt, and which 
occur on jointed and schistose rocks as well, which are not in sympath}^ with their 
present environment, and which have, to later topographic stages, the relation that 
the Cascade plain holds. Therefore, in spite of their considerable and diverse 
altitudes, they are identified as residuals of that once continuous lowland. 

It is possible that detailed study of the Chelan Mountains between Baldy 
Mountain, Ribbon Mesa, and Chelan Butte will discover other bits of the plain 
on summits of spurs and about monadnocks. There is room for question whether 
the hill which rises to an elevation of 3,757 feet is a monadnock or not. The 
plain may sweep above it, but the general interpretation of facts would not be 
modified in any essential particular by such changes in the determination of local 
positions. 

Of the Methow Mountains the writer has not seen the portion east of Navarre 
Peaks except in general views from a distance. Their profile* thus seen is char- 
acteristically that of a tilted, somewhat dissected plain. They rise with continuous 
line from the plateau level east of the Columbia from 3,400 feet or less to (>,000 
feet above sea. They then appear to sweep up in a steeper but moderate grade 
to the heights of Navarre Peaks at 7,800 feet. The topographic map and the 
profile derived from it (fig. 4, PI. XIX) confirm this observation. Along the 
crest, from 3,400 to 6,000 feet above sea, there are residual surfaces of flat form 
unsympathetic to their environment. One extends from 3,600 feet to 3,800 feet. 
There is then a rise over Cooper Mountaui, which is probably a monadnock, 
about 300 feet above the plain. Beyond this the flats occur near or above 5,600 
feet, with ascent to 6,100 feet, and thence upward the crest is sharp. Navarre 
Peaks might be regarded as summits older or younger than the flat surfaces — as 
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monailnocks or descendants;^ but, considered in their relations to the many 
heights of about the same altitude which occur west of them and connect them 
with the general level of the high Cascades, Navarre Peaks appear to be descend- 
ants, and the plain sweeps up to and over them. 

The reconstruction of the Methow plain has proceeded thus far upon identifica- 
tion of residuals, which actually or so nearly represent its surface that they may be 
taken for it. In extending the reconstruction further over the Methow Mountains 
and the high Cascades, another line of reasoning must be followed. 

In the Cascade Range views from high altitudes present two striking features, 
that mutually are in strong contrast. The one is the acuteness of the mountain 
forms, often sharply needle-like; the other is the uniformity of general elevation 
which these boldly sculptured peaks approach. The sharp forms result from the 
activity of frost and thaw, of corrasion, and of transportation in shattering and 
removing rock masses, whose principal controlling structure is steep jointing. The 
uniformity of heights has been interpreted as inheritance from a former plain sur- 
face, and also an effect of erosion at great altitude. 

The latter hypothesis has been considered in view of facts closely resembling 
those observed by Dr. Dawson, its author, in the same mountain range, but it does 
not seem to be sustained. The activities of erosion do not appear to tend toward 
more uniform effects with greater altitude, on the contrary elevation emphasizes 
their locally unequal intensities. Corrasion and transportation are effected by 
falling water, whose energy for a given mass is dire<5tly as the fall, and consequently 
increases with height of land. Corrasion and transportation are very narrowly 
localized in activity, and hold the same relation to general degradation that a circular 
saw does to a planer. Their intense application results in deep canyons, the extreme 
of height and depth. Disintegrating influences, whether chemical or mechanical, 
may act equally with equal opportunity, but they are controlled by conditions of 
exposure. Upon an uneven surface these are varied and they become more and 
more diverse as inequalities of relief develop. The suggestion that frost and thaw 
may with elevation gain in effectiveness more rapidly than cormsion and so may 
limit the height to which peaks may attain in a growing range, appears not to be 
sustained by study of mountains much higher than the Cascades, nor by theoretical 
reasoning in regard to the work of freezing water. Thus after careful consideration 
the writer has felt obliged to abandon the hypothesis of development of a common 
high level among mountain peaks. 

The general level of Cascade summits is suggested in the views. Pis. IX and X. 
The one is the central section of a panorama of three views, looking southwest 

aA deHCcndunt la a topographic feature carved from the mo&s beneath an older topographic form which has been 
removed. 
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from th^ head of a tributary of the Yakima across spurs of the range. The other 
is a view down Stehekin Valley to the distant Methow MounUiins. In neither case 
does the photograph give the full effect of these landscapes; the angle is but 50 
degrees of the full circle, of which the greater part may in a centnil situation show 
similar effects, and in each of these particular cases the camera was 1,000 feet or 
more below the peaks, which consequently appear higher near by. To see such a 
surface of common altitude the eye should be in it. A diagrammatic presentation 
of the fact of nearly uniform altitudes is given in the profiles of the Methow Moun- 
tains west of Navarre Peaks. (Figs. 4 and 5 of PI. XIX.) Of the dozen or more 
summits represented in as many miles, none is lower than 7,800 feet and only one, 
Star Peak, rises to 8,500 feet above sea. While this diagram gives but a single line, 
several profiles across the range might be constructed showing similar relations of 
mountain tops on spurs which extend 3 to 4 miles from the centi*al divide. 

The fact of uniformity of summit level becomes more and more impressive as 
it is observed over wider and wider areas. Russell and the writer have found it to 
extend over pmctically all of the high Cascades, occurring at altitudes which var}' 
from t>,000 to 8,500 feet according to the portion of the range in view. There will 
probably be little if any dissent among future observers from the inference that this 
widespread equality of heights is derived from a landscape of gentle relief, but 
opinions will differ as to the degree of plainness of the ancient surface. The occur- 
rence of gmnite monadnocks, such as Mount Stuart, rising a few^ hundred feet above 
the probable position of the old plain, is significant in this connection. Were they 
numerous they would indicate a hilh^ region, but far apart as they are and of moderate 
altitude they suggest that planation had made general progress toward a low peneplain. 

The present altitude, which the plain would have above the mountain tops if it 
existed, is yet to be carefully estimated. In that portion of the Methow Range 
which has })een topogmphically mapped and studied, the summits near and above 
8,500 feet (Star Peak, 8,500; Oval Peak, 8,800) have broad, rounded forms. It is 
possible that tiicy rose to, if not above, the Cascade plain in this vicinity. On the 
assumption that the altitude of the plain would now be about 8,500 feet, the inherited 
summits lie 200 to 600 feet below it. This is probabl}" a minimum. On the other 
hand, if Mount Stuart and similar granite cones are monadnocks, the plain can not 
well be reconstructed more than 1,200 feet above the ridges which surround them. 

ENTIAT STA(}E. 

PnYSKXJKAPHIC RELATIONS. 

The physiographic relations which constitute the chief criteria that serve to 
identify features of the Entiat stage are those of a development intermediate 
between an older and a younger stage. In position and in form Entiat residuals lie 
between the flats of the Methow plain and the canyons of the Twisp stage. 
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The Entiat ntage was tirst recognized by the writer in riding from Wenatchee up 
the Cohimbia gorge and over the high spurs between it and Entiat River. It then 
became evident that the Columbia Valley consisted of at least two parts, an inner 
canyon and an outer valley, a younger and an older phase; and above the older 
were found the surfaces identified as parts of the Methow plain. In extending the 
observations it was found that a distinction must be made between those parts of 
the Cascades which had been subject to nmcli precipitation and consequently had 
suffered deep corrasion, and those which had received slight prec^ipitation and had 
been but faintl}' engraved. This difference of sculptures in Entiat time is pamllel 
with the present diverse aspects of (corresponding areas of great and little rainfall. 

The criteria by which Entiat and Methow features are distinguished have already 
been stated. Where they both occur adjacently, the former lie below the latter and 
in unsympathetic relations. The distinguishing point between Entiat and Twisp 
slopes is a more or less prominent projecting angle or bench. Its significance 
depends upon the fact that in homogeneous material normal profiles of a continuous 
cycle are concave upward. The curve or angle which is cotivex upward or outward 
may result from rock differences or from glaciation or from revival of stream 
activit}^; the first is commonly a local, the others general phenomenon of any par- 
ticular district. Along the western side of the Columbia the gneiss and granite are 
unlike in detail, but in general they are homogeneous in their attitude toward 
erosion agencies. The hills have not been glatriated, nor did glaciers of the latest 
epoch extend so far down either the Columbia or Entiat. Nevertheless, each of the 
long spurs of the Entiat and C'helan mountains is characterized by a markedly 
prominent angle, and in the I'avines a corresponding change occurs at the top of a 
steep stream grade or fall. In all the unglaciated heights west of the Columbia, this 
angle is a prominent and significant feature. In glac'iat^d slopes the older records 
cut })y the streams are modified by ice work, and the features are more complex. 

DISTRIBITTION AND rilAKAtTBR OK RfrXIDrAI-S. 

Features such as are characteristic of the Entiat stage exist generally throughout 
the higher Cascades, so far as the writers observation goes, but residuals, in the 
sense of unmodiHed fonns, probably do not survive to the same extent as do those 
of the Methow stage, if at all. This follows from the greater effectiveness of 
erosion on slopes as compared with that on plains. 

Representative Entiat features are rounded or flat ridges, spurs, and gentle 
slopes, commotily distinguished by a covering of deep soil, as well as by their 
physiographic relations. To enumerate them would be to repeat much that has been 
said in describing the ranges, but typical examples ma}" be cited. In the eastern end 
of the Entiat Mountains the spurs, which extend at about 4,700 feet from the flat of 
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Methowdate down to about the contour of 2,600 feet, exhibit typical Entiat profiles. 
(See profile 1, PL XIX). The ridge isolated by Lake Chelan, Columbia River, and 
Knapp Coulee is a characteristic Entiat form in its summits and spurs above the 
1,500-foot contour. (See profile 2, PI. XIX.) The rocky height of Chelan Butte is 
probably a monadnock of pre-Methow date, but the development of Entiat features 
has gone so far as to remove the plain from about it. The slopes of the ridge are 
scored by numerous ravines, in which corrasion has progressed steadily during all 
the time since the Entiat epoch closed. They are therefore more deeply cut than 
formerl}^ having steeper grades toward the top. In their lower channels they have 
been materially modified by deposits of the Chelan glacial epoch. 

The profile 3, PI. XIX, exhibits Entiat slopes in relation to the forms that 
preceded and followed them. The long spur between Mad Creek and Tyee 
Mountain, 3,500 feet to 6,500 feet; the spur of the Chelan Mountains, 5,500 feet to 
6,700 feet, and those of the Methow Mountains above 6,000 feet, along this section 
line, are reasonably near Entiat features. They exhibit the long (concave curve, the 
windgaps, and the rounded summits, for the most part deeply soil covered. 

There may be features whose age is indeterminate because their aspects and 
relations are capable of more than one interpretation. Such a one is the flat spur 
contoured by the 3,000-foot line west of Navarre Coulee and rising by gentle grade 
to the mountiiin which has an altitude of 3,757 feet. If of Methow date, it is a part 
of the plain marked out around the last-mentioned mountain near the 3,500-foot 
contour, and its inferior position is due to warping. If of Entiat date it is a low level 
of an early epoch in the widening of Navarre Valley; and in that case, also, it may, 
in consequence of warping, now occupy a position lower than it had in relation to the 
Chelan Mountains. Were the ridge continuously broad and gentle of slope from 
the mountain having an elevation of 3,757 feet nearly to the top of the Chelan 
Mountains east of Baldy, the former date would seem probable; but the hill crowned 
by the 3,500-foot contour and several interruptions of the gnidual slope by steeper 
intervals indicate that the plain was eroded, and we have to deal with an Entiat 
surface which locally developed a flat feature. 

DEiJRKK OK KNTIAT KKLIKF. 

West of the Columbia the difference's of elevation covtu-ed by features assigned 
to the ^jutiat stage are considerable: In the eastern portion of the Entiat Mountains, 
from 2,600 feet to 4,700 feet; in (Chelan Butte, from 1,600 feet to 3,700 feet; in the 
district west of Navarre Coulee, from 2,000 to 6,000 feet; in Tyee Mountain, from 
3,500 to 6,600 feet; in profile across Lake Chelan from Fourmile Ridge to the 
Methow Mountains, from 6,000 t() 7,700. These variations occur not only in 
different places, but on slopes which decline in different directions, and some part 
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of the apparent relief is attributed to defonnation. Wo may therefore distinguish 
between those which apparently have not and those which have been tilted. 

The spur which descends at the eastern end of the Entiat Mountains connects a 
well-pres(U'ved Cascade flat with the gorge of the Columbia, the largest stream. 
Lying on but parallel to an axis of uplift, its inclination has not been affected 
apprecia])ly by warping, and its relief — 2,100 feet — may fairly be taken as 
representing the facts at that place in Entiat time. The spurs of the Chelan 
Mountains extending north from Fourmile Ridge and those of the Methow 
Mountains opposite them are apparently once continuous parts of a protile now 
interrupted by Chelan Canyon. They do not exhibit evidence of depression or 
tilting toward the canyon, and their degree of relief — 1,700 feet — is probably not 
greatly different from what was the maximum in Entiat time at that point. 

The long slopes which rise 3,000 feet and more to Tyee Mountain and to the 
Storm}' Mountain ridge are apparently not in their original attitude. The elevations 
of Cascade residuals and the canyons cut in these ranges show that the heights of 
Tyee and Stormy are due in part to local as well as to general uplift, and that 
the Entiat features have shared in the change of attitude. In a less degree this is 
believed to be true also of the Chelan Butte ridge. 

GLACIATED ASPECTS OF ENTIAT HBIGHTS. 

Where extended masses occur at high altitudes in the Cascade Range, the 
togographic features may be classed as four in number: (1) Dominant peaks, usually 
acute in form; (2) high serrate ridges and spurs, which are often very narrow: 
(3) elevated amphitheaters of characteristic glaciated form; (4) canyons, usually also 
glaciated. Those dominant peaks which rise approximately to a common altitude 
or higher are considered to be descendants of the Methow plain and its monadnocks, 
as already stated. Similarly, but even less adequately, the seri'ate ridges and glacial 
amphitheaters represent features of the Entiat stage. They are developed in masses 
which were not deeply cut by canyons of the Twisp stage, but those masses may 
probably have been sculptured into valleys and divides during the Entiat stage. 
The alternative is to assume that degi^adation of the Methow plain to post-Chelan 
aspects of glacial sculpture was ac(;omplished without any intermediate stage of 
aqueous erosion. This view possibly might resonably be held were not the Entiat 
stage clearly recognizable in the unglaciated area. Since the latter is the case, how- 
ever, it is logical to infer the development of valleys and ridges of Entiat date, from 
which glaciated amphitheaters and their tangent aretes are derived. 

MATURITY OF ENTIAT TOPOGRAPHY. 

In the usual threefold division of a topographic life period into youth, maturity, 
and old age, maturity may be used in either one of two senses, namely, to describe 
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a long mid-interval during which the prevailing features are narrow divides, steep 
slopes, and V valleys; or, second, to designate with precision that exact date at which 
a given residual of an earlier stage is reduced to nothing and the divide begins to 
dwindle under the attack of opposed headwaters. In the latter sense maturity at 
any particular date is a tc^rm of strictly local application, since residuals do not all 
succumb at one time. 

In the broader sense of the word, Entiat topography was mature where precipi- 
tation was heavy. In the narrower sense, it approached maturity about residuals of 
the Methow plain, where they still exist, but generally outside the arid region it had 
passed the precise instant of mature development. That is to say, the divides had 
become sharp and lower than the corresponding surface of the Methow plain. 

KNTIAT FEATURKS IN AKII) AREAS. 

In arid areas Entiat features have not been clearly recognized. This fact may 
be due to one of two conditions. In Entiat time areas now arid and high mav have 
been similarly situated, or they may have been low. In the one case aridity, in the 
other lowness, would have limited erosion, and the features which developed would in 
either case be inconspicuous. 

In the Yakima district G. O. Smith does not distinguish the Entiat stage. On 
the Waterville plateau and Badger Mountain it is probable that Entiat features exist, 
but are mantled by later deposits and obscured. The valley of the Columbia bounds 
these areas on the west. Its inner and outer gorges are less conspicuously separate 
east of the river than west of it, because landslides have generally modified the scarp, 
and to them the suggestive details of the profile might be ascribed; but the two 
episodes of development are distinguishable on the east in appropriate relations to 
the corresponding details west of the river. On the plateau there occur, below 
residual flats of Methow date, long spurs separated by lightlv engraved channels. 
Their contours and profiles are round and gentle. They appear nowhere to be com- 
posed superficially of hard rock. Soil derived from basalt and a soft sand deposit of 
unknown age and origin were the materials seen. Well-filled angles and fluent curves 
of the landscape evidence wind work. The sculpture is that of aqueous erosion, 
moderately developed, and later modified by wind erosion and wind-drifted material. 

In view of the stages elsewhere found, it is probable that the work of aqueous 
agencies was accomplished during the Entiat and Twisp epochs, and that eflfects 
of mantling are due to conditions which prevailed during the Chelan and Stehekin 
(Glacial and post-Glacial) stages. 

On Badger Mountain ravines are cut more deeply than on the plateau and winds 
have had comparatively little eflfect; yet the slopes of the mountain exhibit remark- 
ably slight erosion as compared with the heights west of the Columbia. It will be 
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shown in discussing deformation that the elevation of Badger Mountain above Water- 
viile plateau is chiefly a growth of post-Entiat date, and therefore Entiat features 
are inconspicuous on the mountain, and what dissection has occurred there is of 
Twisp age and later. 

TWISP STAGE. 

CHARACTKRI8TIC FEATURES. 

Canyons are the prevailing valley forms of the Cascade province. In elevated 
districts they are profound and numerous, and, having the U section due to glacia- 
tion, their volume represents a large part of that of the original uplifted mass. 
Between the glaciated and arid districts lies the zone of simple but energetic aqueous 
erosion in which unmodified canyons are most strikingly developed. In the arid 
region, the central plateau of Washington, canyons are deeph^ cut in the basalt. 
The most conspicuous, such as Grand Coulee, are ascribed to diversion of the 
Columbia during glacial time, and if that be true, do not belong to the stage here to 
be discussed. 

The inner gorge of the Columbia between Wenatchee and Methow is a steep-sided 
channel cut below older topographic features in the bed rock mass of the region. 
Its position and proportions are such in relation to the river that there can be no 
doubt that the master stream cut it out. Glacial strise were found b}^ Salisbury 
on its western wall just above Chelan Ferry. A morainic terrace occurs on the east- 
ern bank a mile below Chelan Falls, and from this southern limit of the glacier a 
very conspicuous system of river terraces, composed of glacial drift, extends down 
the valley. The gorge is, therefore, of aqueous origin and was carved prior to the 
latest glacial episode. As such it is a representative canyon of a pre-Glacial stage. 
It lies within and clearly distinct from features ascribed to the Entiat stage, and its 
development thus occupies an interval of time between the Entiat epoch and 
glaciation. 

A geographic name for this stage can not well be chosen from this t^'pical 
section of the Columbia Gorge, the desirable names having been applied to other 
uses, but it would appear from the topographic map of the Methow quadrangle that 
Twisp River has worked out a channel scarcely less characteristic, and the name is 
selected accordingly. 

DEVErx>PMENT OF TOPOGRAPHIC FORMS. 

The Twisp c\- de of topographic development was interrupted at an early phase 
by the advent of glacial conditions. The survival of Entiat and Methow residuals 
and the effects of glaciation sufficiently demonstrate this fact. 

Columbia Canyon, between Wenatchee and Chelan, was cut to its present depth by 
aqueous corrasion before the latest Glacial epo(;h, since it is occupied by drift, which 
the river has removed down to bed rock at various points along its channel. The 
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canyon walls receded to some extent during Glacial and post-Glacial time, and the 
amount of recession is shown to be appreciable b}' the fact that cliflfs above Chelan 
Falls, past which a glacier extended and over which it rose, now exhibit pinnacled 
profiles that have developed since the ice withdrew. But the occurrence of glacial 
striae near the summit and on the river side of the cliflfs indicates that the form of 
the canyon was not greatly diflferent then from what it now is. This is within less 
than 2 miles of the end of a tongue of the wide-spreading glacier which came 
from Methow and Okanogan districts. The ice was probably nearly stagnant and 
ineflfective. 

In the glaciated region of the higher Cascades, the canyons are developed on a 
grand scale. Russell has rightly described them as extending with cliannels at 
railroad grades into the very heart of the mountain mass, and they are from 1,000 
to 3,000 feet in depth. They have been widened and deepened by ice work, to 
what degree is yet to be determined, but apparently in some instances greatly. 
Nevertheless, when all reasonable allowance has been made for glaciation, the 
canyons which may be ascribed to corrasion during the Twisp stage were of great 
depth. They were relatively narrower than they now are, and their topographic 
development had the character of advanced youth. 

CHELAN STAGE. 

CHARACTER OF THE RECORD. 

The climatic conditions of the Chelan stage interrupted the topographic cycle of 
the Twisp stage. They induced glaciation, and occasioned very pronounced phe- 
nomena of glacial erosion and glacial construction, the lattt^r including extensive 
deposits from overloaded streams. Russell has already described these features in a 
preliminary way, and they have been touched upon incidentiilly in this article. The 
general facts are conspicuous, have been widely observed, and are published. It is 
expedient here to discuss only one fact, the depth of Lake Chelan, which has a possible 
relation also to the question of deformation. 

THE BA.SIN OK LAKE CHELAN. 

Lake Chelan occupies a canyon in gi^anitic and gneissoid rocks. The waters are 
retiiined by a dam of drift, but discharge through the gorge of Chelan River into the 
Columbia, whose bed is not far from solid rock. According to the altitudes above 
sea of rock in place in the Columbia several miles l>elow the junction, that of the 
lowest rock hill over which the waters of Lake Chelan can have escaped is about 700 
feet. The elevation of the lake's surface is l,()7i^ feet, and its depth exceeds 1,(K)0 feet 
through a stretch of U> miles." The maximum sounding was 1,41J* feet. i. e., to 340 
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feet below sea level, or 1,040 feet below the rock rim of the basin. The depths are 
given on the map (PI. XVII), and they present an interesting problem in the question, 
How did the lake channel become so deep? 

According to the physiographic record, the Chelan channel developed by stream 
robbing and became a river canyon through the usual effects of stream action, 
which are, however, incompetent to have so greatly deepened it. It may have been 
deepened by faulting or glacial erosion. 

Faulting is not readily capable of direct proof or disproof in the rock structures 
of gneiss and granite. There is, however, throughout the Chelan-Stehekin system 
of channels a unity of form, which strongly suggests unity of development, and 
through which any hypothesis of faulting as a condition of the Lake Chelan canyon 
should be extended to its tributaries; but the ramifications of the system and the 
slenderness of the supposed downthrows are such that the h^'^pothesis is untenable. 
If the area of faulting be restricted to that of excessive depth in the Chelan Basin, 
there is a similar peculiarity of form in the supposed downthrow and no evidence to 
support the proposition. We may turn, then, from the purely theoretical idea of 
faulting to that of glacial erosion. 

Effects of glacial erosion are obvious throughout the Chelan-Stehekin S3^stem. 
They may be traced from the moraines of existing glaciers in the cirques about the 
headwaters, down the grooved and rounded canyon walls, into the waters of Lake 
Chelan, and out to the terminal moraine near the Columbia, in all a distance of 70 
miles. Three miles al)ove the terminus of the ancient glacier its thickness was 1,000 
feet, and its surface stood about this amount above the present level of Lake Chelan. 
Thirty miles above its lower end, that is, near Safety Harbor Creek, the thickness of 
the ice was 4,500 feet, and toward the head of the lake it probably exceeded 5,000 
feet. Detailed observations as to the upper limit of glaciation along the lake shore 
are needed, but the above statements are based upon a few points definitely noted. 
That this mass of ice was capable of exerting great erosive power can scarce!}' be 
doubted, but it remains to be shown that the phenomena of depth of the lake basin 
bear some logical relation to the probable effects of ice corrasion. 

It is believed that the erosive power of ice when moving as a glacier is a function 
of the volume of ice, the restriction of channel, and the rate of flow. « These factors 
are, it is true, in a measure interdependent, but it is not important here to separate 
their influences, as we can not deal w^ith the problem quantitatively. It will suflice 
to show that the excavation of the channel is proportioned to the amount of ice 
entering from successive tributaries and that, where the volume is constant, the depth 
of the channel is inverselv as its width. 
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The extent of former glaciers in the Chelan-Stehokin system is indicated (with 
a rough approximation only to the facts, but sutiicient for this purpose) in the map 
(PI. VIll). It ma}' there be noted that the drainage from a considerable area is 
concentmted at the junction of Stehekin and Bridge creeks, and it is at that point 
that the headwater can3^ons pass into a conspicuously wider channel, and that the 
stream assumes a flatter gi*ade. Just above the junction of Agnes Creek this flat 
ends in an abrupt descent to a wider and lower valley floor, which extends from 
Agnes Creek to the head of Lake C^helan. The cross section of the canyon w^idens 
slightly, but not notably, and its depth, so far as it may be determined by the sound- 
ings in Lake Chelan, increases gradually to the junction of Railroad Creek. Abreast 
of this stream the valley is co!isideral)ly wider, and may be regarded as a basin com- 
petent to store a co!isiderable volume of ice. A short distance down the lake, near 
Prince Creek, is the upper end of the Narrows, which extend to Twentyfive Mile 
Creek. Here the walls of the canyon are steepest, and approach each other most 
nearly, and here the depth of the lake increases rapidly. Below Twentyflve Mile 
Creek the valley opens out and the lake basin rapidly shallows. 

There is in the above-described relations that coincidence lH»tween width and 
depth of channel which in the single case might be considered fortuitous, but which, 
when oft repeated and found to be systematic, presents a strong argument for a 
relation between cause and effect. While the data are by no means so complete as 
might be wished, and while a thorough discussion of the problem would require that 
one should eliminate the effects of glacial and stream filling in order to arrive at a 
true measure of the depth of th(^ channel, it is not probable that these su})ordinate 
factors could change the dominant relations from which it is inferred that the basin 
of Lake Chelan owes its unusual depth and character chiefly to glacial erosion. 

A further test of this conclusion may be applied by contmsting it with other 
valleys in the same region, manj' of which have been occupied by glaciers, and none 
of which exhibit similar peculiarities. A thorough study of the glacial effects 
throughout the region should shed nuich light upon the nature of the phenomena, 
but it may here suftice to say that the Chelan case is exceptional (1) in the large 
volume of ice contributed from an area of approximately 350 square miles, through- 
out which the mountiiin summit.s range in altitude from 7,000 to 8,500 feet, and 
(2) in the remarkable depth and narrowness of the canyon through whi(;h the glacier 
was forced. 

DEFORMATIOX. 

Criteria, — The criteria according to which the nature and amount of defor- 
mation are commonly determined are of a stratigraphic chamcter. The surface of 
a stratum, assumed to have been ])lano and observed to be flexed, is a datum from 
which changes of form may be deduced. In the area under discussion in the present 
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case tho rocks are gneisses aud intrusive granites, whose structures do not afford 
dips from which to infer the nature of recent deformation. The occurrences of 
basalts, which do afford such data in the Ellensburg district, are of no value in the 
area west of the Columbia and north of the Wenatchee, as their distribution is 
ver}' limited. fJointing, the commonly developed structure of all the rocks of the 
district, has not been so studied as to yield results. It follows that deformation 
must be investigated upon a different basis, viz, chiefly upon physiographic evidence, 
through the warped form of the earliest recognized topographic surface, the Methow 
plain; and the facts described in the account of the physiographic historj^ are thus 
made use of in the following discussion. 

Fandaraental propositions, — In the preceding discussion certain principles have 
been applied in interpreting the relations of physiographic features and deforma- 
tion, but the statement of those principles has been deferred to this place, where it 
may form an introduction to the account of mountain growth. In general terms the 
propositions are as follows: 

(1) Mountain growth involves changes of altitude of such vertical amount and 
such moderate extent as compared with continental areas that elongation of the 
earth's mdii beneath the mountain mass may more plausibly be assumed to account 
for the elevation reached above sea level than general subsidence of the datum 
plane. The effect of such elongation is appropriately described as an uplift when 
the whole mass is (ionsidered. 

(2) Uplift results in deformation of the preexisting topographic surface, which 
is elevated in some areas above others that maj' l>e considered relatively depressed. 
In what follows the term warp will be used to designate deformation of the surface, 
upwarp and downwarp being employed to describe, respectively', elevated and 
depressed areas, always the former topographic surface, and independently of the 
rock structure. The latter is appropriately expressed in the terms anticline and 
syncline. 

(3) Erosion occurs only as a result of change of relative altitude, and its effect* 
are a function of the amount of change. 

(4) Other things being equal, the seveml sections of a river valley between 
source and mouth are consistently developed, when uplift has been uniform and 
simultaneous, within moderate limits of variation. Inconsistent sections are 
evidence of unequal uplift or of uplifts of different dates. 

(5) At any particular stage of development in homogeneous rocks the normal 
gmde. or slope, of a plain or river valley is variable within narrow limits only: 
abnorniallv steep, gentle, or reversed gnides are effects of warping during succeed- 
ing <*ycles. 
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CASCADE UPLIFT. 

The Cascade Kange is an elevated mass which is observed by all who come within 
sight. Equally recognizable by adequate observation is the wide, tabular form of 
its surface, as are also the marginal slopes which connect it with lower adjacent 
surfaces. The gross fonii, all details of spurs and sculpture being omitted from 
consideration, is that of a broad uplift, with wide, flat top and sloping flanks. 

The general fact that the uplifted surface has been eroded is obvious, and 
investigation of the topographic forms shows that they express several stages of 
development, of which the initial one was an ancient peneplain that extends over the 
mountain mass. The peneplain having been practically flat and low, according to 
its origin, and being now elevated in part, there has been warping, the amount and 
character of which are expressed in any section by the difference between an arc of 
the earth's spheroid at sea level and the flat arch of the uplifted surface. Thus we 
may describe the Cascade uplift as that broad and flat-topped elevation which lies 
between Puget Sound on the west and the central plateau of the Columbia River 
Valley on the east. 

Height and extent. — With reference to sea level, the surface of the Cascade 
uplift, or the upwarp, actual and restored, varies in altitude from 6,000 to 8,500 feet 
throughout the area of its upper level. The maximum of 8,500 feet is attained 
probably north of the forty -seventh parallel and is maintained throughout more than 
one degree of latitude to the forty-ninth parallel. South of the fort^'-seventh parallel 
the extent and altitude of the warped plain are not well known, except that at an 
altitude of about 7,500 feet it forms the platform upon which stands the volcanic 
cone of Mount Kainier, and probably extends in a similar manner beneath Mount 
Adams, Mount Hood, and other volcanoes in Oregon. Its altitude probably lessens 
toward the south, but it is not likely that it falls below 5,000 feet along the broad 
axis of the uplift. The width of the uplift at its elevated plateau level is variable, 
but is probably rarely less than 60 miles nor more than 100. As may be seen in PI. 
I, the eastern margin is crenulated, and in consequence of the fluting the width 
of the flat top of the upwarp is very variable, and it is possible, as suggested by 
Smith, that the larger marginal dow^nwarp may extend nearly across the axis or 
entirely across it. 

The further description is limitexl to the area north of the forty-seventh parallel 
and more narrowly to the regions which have been described in detail in the 
preceding (chapters. 

Llrnlts of Cascade apirarp, — The limits of an upwarp are here taken to be 
represented by those slopes produced by warping, by which the descent from the 
high, flat top to adjacent areas is accomplished, without n^gard to effects of erosion. 
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In this sepsc the Cascade upwarp is limited on the north, aecoixiinf^ to the observations 
of G. O. Smith, apparently by a slope which extends across the axis of the range a 
short distance north of the forty-ninth parallel and leads down to a lower surface 
south of the Fmzer River, but still high above the can3^on of that stream. On the 
west, south of the forty-ninth pamllel, according to Smith, the plateau of the 
upwarp extends, at an elevation of 5,000 feet, under Mount Baker, and thence 
descends to the Sound level by a monoclinal flexure. A degree of latitude farther 
south, northeast of Seattle, it« western margin lies farther east. In the vicinity of 
Index, on the Great Northern, at the town of Snoqualmie, and along Green and 
White rivers, north of Mount Rainier, the descent from the mountain summits, 
at elevations of 6,000 to 7,000 feet, to that of the gravel plateau of the Puget 
Sound Basin is so abrupt as to suggest a fault scarp. There is no positive evidence 
of a fault as yet known, and the alternative hypothesis of glacial erosion has at least 
equal value at the present time. I^neath Mount Rainier and possibly to some 
distance west of that peak the upwarp maintains an altitude of 6,000 to 7,000 
feet, and it appears in this latitude, just south of the forty -seventh parallel, to attain 
an expansion comparable to that which it has along the forty-ninth parallel. 

The eastern limit of the Cascade upwarp may in general be described as a slope 
which stretches in a direction south b}- west from the vicinity- of Oso3'oos Lake, on 
the forty-ninth parallel, to EUensburg, and thence southerly along the west side of 
Yakima Valley, across the Columbia, into Oregon. This general statement of the 
position of the slope must, however, be qualified by the description of marginal 
flutings, which extend nearly at right angles to the major uplift far out into the 
adjacent plateau on the east and give to the axial upwarp an extremely irregular 
fonn. 

The area of the upwaip thus described covers approximately 5 square degrees 
of the surface north of Columbia River, equivalent to about 20,000 square miles. 
Its further extent in Oregon has not been determined, but it is probable that it is 
equal to that in Washington. 

MARGINAL FLEXTRFX 

The eastern slope of the Cascade upwai-p north of latitude 46^ 30' has been 
studied physiographically by G. O. Smith and the writer with sufficient care to 
determine several marginal flexures, whose axes trend, in general, northwest and 
southeast; that is, nearly' at right angles to the broad major axis of the upwarp 
itself. A statement of these features, so far as they may be described by the writer 
follows, with a brief account of the evidence according to which each is recognized. 

Methow dmonwarp. — Methow River is one of the larger tributaries of the 
Columbia, which it enters about midw^ay between the Okanogan and the Chelan, in 
latitude 48^, longitude 120^. The general trend of the Methow Valley is south by 
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east. Its headwaters are near the forty-ninth parallel, and are opposed to those of 
Paysayten River, which flow northerly. On the east is the Okanogan Range, and 
on the west the Methow, both of which are of great altitude. The elevation of the 
Methow above sea at its junction with the Columbia is 750 feet; at the town of Methow 
it is 1,158 feet, and at Winthrop, 30 miles from Methow, along the stream, it is 1,765 
feet. Winthrop is situated at the principal forks of the river, and above this point 
the grade of the stream rises more rapidly. The aspect of the valley at the present 
stream level varies, according to th(^ rocks in which it is carved. A lower section, 
cut in schists, is narrow and canyon-like; an upper section, comprising most of the 
stretch between Methow and Winthrop, is excavated in softer Mesozoic rocks, and 
the valley floor is wider. It has been occupied by a glacier, which has left extensive 
deposits, especially along the river channel. From those conditions of diversity of 
rock structure and interaction of stream and ice work, it follows that the phvsio- 
graphic aspects of the valley are not simple, and that it presents a problem in 
sculpture which can be fully solved only by careful observation on the ground. 
That observation has not been had, and the inferences which follow are based upon 
distant views from the Methow Mountains, study of the Methow atlas sheet, and an 
interpretation consistent with that of phenomena of adjacent regions. 

Above the valley bottom of Methow River, between Methow and Winthrop, 
many hills rise to an altitude of about 4,000 feet above sea, and they are thought to 
represent a former level, which theoretically may be that of the Methow Valley 
bottom reached during the Entiat stage or may represent the older Methow 
peneplain. If the former be the case, the corresponding level of the Methow plain 
would lie at an altitude above 4,000 feet, an amount which may be deduced from 
the depth of the Columbia Valley at the close of the Entiat stage. The maximum 
determined for that valley is about 2,100 feet, as observed in the Entiat Mountains. 
There is no reason to suppose that the Methow has made any deeper excavation than 
the Columbia. Indeed, the inference would be rather the other way. Hence the 
position of the Methow peneplain in the Methow Valley is not far from 6,000 feet 
above sea, provided the general uniformity of hilltops at 4,000 feet represents the 
bottom of the Methow Valley in Entiat time. On the other hand, the 4,000-foot 
level may stand for the Methow plain, and, if so, it would coincide by gradual slope 
with the general altitude of that plain in the Columbia River Plateau to the southeast. 

Whether the level of the Methow peneplain in the Methow Valley be 6,000 or 
4,000 feet above sea, it is lower than that of the plain on the adjacent Okanogan and 
Methow mountains, its place in the former being probably not far from 8,000 feet, 
and in the latter not less than 8,500 feet above sea. Hence it seems reasonable to 
regard the Methow Valley as a downwarp resulting from deformation of the Methow 
plain. 



88 CONTRIBUTIONS TO GEOLOGY OF WASHINGTON. 

Metlu)w ujncarp, — Southwest of the Methow Valley, in latitude 48^, is a great 
mass of mountains known as the Methow Mountains. In it are sunk the canyons of 
the Twisp and Lake Chelan, and it extends -westward into the highest pait of the 
main Cascade Range. Its area may be estimated at 1,0(X) to 2,000 square miles, 
according to the limitii which may be arbitrarily drawn between it and the central 
Cascade upwarp. This mountain mass is designated the Methow upwarp. 

The Methow upwaip is defined not only by existing topographic features, bu^t 
by the altitude of the Methow peneplain and the slopes which it has assumed. In 
general, where most elevated, the Methow plain has an altitude of 8,500 feet, 
coincident with the crest of the Methow Mountains. On the east the surface 
descends from Navarre Peaks to the Methow and Columbia, sloping from a probable 
altitude of 8,000 feet to that of 3,500 or less. Toward the northeast the surface 
slopes to the position of the plain in the Methow Valley. On the south the descent 
is from an altitude of 6,000 feet to that of 3,500 feet. The southern margin is 
complicated by a much smaller feature, the depression within which lies the lower 
end of Lake Chelan, and south of which is the uplift forming the Chelan Range. The 
upwarp of Chelan Mountains is, in fact, a spur of the Methow upwarp, with which 
it is continuous along Fourmile Ridge and across Lake Chelan at the Narrows, as 
shown in profile. 

The rocks of this uplifted mass, so far as they have been observed by Russell 
and the writer, consist of ancient schist, together with intruded granite, quartz- 
diorite, and similar igneous rocks. They afford no structure significantly related to 
the present upwarp, unless it be vertical jointing. The cleavage which they exhibit 
is probably of much more ancient date. Considered in detail, there are marked 
differences in structure and texture, which constitute elements of heterogeneity; but 
considered in mass the whole is remarkably homogeneous. The northern and 
western portions of the upwarp do, it is true, include areas of Mesozoic sedimentary 
rocks; but they may be considered as incidental, rather than characteristic, since 
they are quite subordinate in area and volume. 

The evidence of the Methow upwaq) being thus limited to physiographic 
phenomena, it is found first in the altitude of the Methow plain, w^hose posiition has 
already been described. By reference to the sections on PI. XIX, it will be seen 
that it is essentially flat-topped and connected by gentle slopes with the position of 
the plain on three sides. Further evidence is found in the effects of corrasion, 
especially' as exemplified in the canyons of Twisp and Chelan rivers, which arc 
among the most profound and most sharply cut of the entire Cascade Range. That 
of the Twisp heads near the junction of the Methow uplift wnth the main Cascades, 
where the elevation of the flat surface is about 8,500 feet, and descends rapidly to its 
junction with the Methow at 1,600 feet. The greater part of this descent of 7,000 
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feet is made in the first 10 miles, and the canN^on thence to its mouth is flat-bottomed. 
It is clearly the product of retrogressive activity of the strejim working headwards 
against the slope of the upraised mass west of Methow River. The upper course 
of the stream is along the axis of the uplift, and there is a sharp bend by which 
the river turns, as it were, down the slope toward the Methow\ It is possible 
that this change of direction is significant of an episode of capture in the history 
of the Twisp, which may formerly have flowed on in a continuous southeasterly 
course toward Libbey Creek; but no adequate study of the topographic forms 
has been made to determine that such w^as the fact. The development of the 
Chelan Canyon has already been described, and it has ])een shown that the relations 
between its several parts and to the old channels of Knapp and Navarre creeks are 
best explained as results of the opportunities for piracy which were provided by the 
growth of the Methow upwarp. The open valley of lower Lake C-helan is incon- 
sistent in topographic phase with the great canyon above Twentyfive Mile Creek, 
and the inconsistency is regarded as evidence of the vigorous elevation from which 
the youth of the latter section follows. The mature aspect of topographic forms 
about the lower section of Lake Chelan, and the beheaded character of Knapp and 
Navarre coulees, are facts which show that the Lower Chelan region wqa relatively 
depreased as the Methow upwarp rose. 

Chda}i Butte upimrp, — South of Lake Chelan, and between it and the westward- 
trending course of Columbia River, is the striking eminence of Chelan Butte, 
having an altitude of 8,892 feet. The summit of granite dikes and schist is consid- 
ered to ])e a monadnock, rising perhaps 4(M) feet above the Cascade plain. Thence 
westward extends a ridge having an elevation of 8,(X)0 to 3,5(M) feet, which rises 
to the summit of Bald}" Mountains, 6,432 feet, and continues northwestward in the 
Chelan Mountains, of which the culminating summit is Stormy Mountain, 7,219 feet. 
The heights of Baldy, Stormy, and other acute peaks which are largely maintained 
by out<»rops of quartz diorite, are believed also to represent monadnocks above the 
Methow plain, the altitude of which is somewhat above H,(KK) fec^t. South of this 
elevated ridge the Methow plain is recognized in the Waterville plateau at an eleva- 
tion of 2,8(X) to 3,000 feet, that is at least 500 feet below its probable position on 
Chelan Butte, and is noted in Kihbon Mesa and in the hill rising to an altitude of 
3,757 feet at 3,000 to 3,500 feet, or a})out 3,000 feet })elow its position about Stormy 
and Baldy mountains. This difl'enMice in altitude of the Methow plain is tjiken as 
representing the slope from the axis of an upwarp which corresponds with the trend 
of the Chelan Mountains from Stormy east by south to Chelan Butte, and which 
divides the ))asiii of the Lower Chelan from that of the Waterville plateau. The 
peculiar physiographic relations of Knapp and Navarre coulees are int^ipreted as 
efi'ects of this ui)warp, across which the streams held their respective courses until 
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they ha^l cut deep canyonn, but by which they were ultimately retarded until they 
were lK;h<»aded by the Little Chelan, a tributary of the Columbia north of the axis. 

WatervilU (Iz/mnwariK — The Methow plain in very clearly preserved in the 
Wat<5rville plateau and I{ib^X)n Mesa, the latter lying west of Columbia River at 
a general altitude of 2,8CK) to 8,(X)0 feet. The Methow plain is lowest, so far as 
ol>HC»rved, where it is represented in two small mesas southeast of Waterville, at an 
elevation of 2,800 feet, and from this least altitude it rises northward, westward, and 
southward as would the surface of a shallow spoon. This depression, which is 
recognized solely on the evidence of th(5 deformed Methow plain, is an embayment 
between the Chelan liutte upwarp and that of Badger Mountain, and, like the basin 
of lower Ijak(». ('helan, is a minor crenulation of the margin of the Cascade upwaip. 

liiulijer Mfnintithi uplift, — Badger Mountain, east of the Columbia, has already 
be.(>n d(»s<Tibed as a })road, low (»I(^vation of the Columbia Plateau. West of the river 
its axial continuation is the Entiat Mountains, which, extending northwestward, 
lie between the headwaters of P^ntiat and Wenatchee rivers. This line of moun- 
tains, although divided ])y the canyon of the Columbia, is a continuous zone of 
uplift, highest toward the northwest, and sinking southeastward into the level of the 
central plateau of Washington. Along this summit the Methow peneplain is recog- 
nized in Badger Mountain at an altitude slightly above 4,000 feet; in the eastern end 
of the Kntiat Itange at 4,800 to 5,000 feet; 10 miles farther northwest, about Cougar 
Mountain, at ^,000 feet; and near the headwaters of the Entiat at probably 6,500 
feet. These are maximum elevations, from which the plain slopes away to tKe north- 
east down to the Waterville plateau and Ribbon Mesa, already described, and to the 
southwest into the valley of the Wenatchee. Adjacent to the Wenatchee Canyon its 
pro])al)le altitude is not far from 4,000 feet. On the evidence of the relative altitudes 
of the old ])lain, the Badger-Entiat axis is recognized as a zone of local uplift. This 
inference is sustained by an examination of the canyon of the Columbia, and its relation 
to the Columbia Valley of the Entiat cycle, as appears from a comparison of the depth 
of the canyon a])reast of Badger Mountain with that below Chelan Butte, and the rela- 
tive altitudes of the old valley floor in the corresponding positions. The fall of the 
(\)lumbia at the present time from Chelan Butte to Wenatchee, a distance of 25 miles, 
is alK)ut 15 feet, and may therefore be left out of consideration, the river being taken 
as a level datum. The depth of the canyon below the older valley at Chelan Butte 
is 800 feet, and abreast of liadger Mountain is 2,0(X) feet; that is to say, the old val- 
ley floor is 1,200 feet higher above the practically level river bed 25 miles farther 
downstream. As the river can not be supposed to have flowed up this slope, it is 
evident that the valley floor has been mised 1,2(X) feet more at the Badger Mountain 
axis than it has south of C -helan Butte. This relation demonstrates the ability of the 
antecedent Columbia River to maintain its course across the rising uplift. 
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Wenatohee downwarp and npicarp, — The Wenatchee Valley, like the Methow, is 
floored in part by sedimentary rocks which are more easily eroded than the schist 
and granite and basalt of adjacent districts; and as it has been deeply eroded b}'^ 
both ice and water, its physiographic features are complex. It is inferred that it 
corresponds to a downwarp having the form defined by the contours, and that it is 
limited on the southwest by the Wenatchee upwarp. The broad, evenly sloping 
surface of the latter is thought to represent very closely the Methow plain. 

EPISODES OF DEFORMATION. 
PRE-TERTIARY DEFORMATION. 

The latest effects of deformation, those which have been described and which 
are of late Tertiary and post-Tertiary date, are but the most recent of a number of 
movements whose history within the Cascade province no dou))t goes back to the 
earliest geologic events that can there be recognized. It would not fall within the 
scope of this article to discuss pre-Tertiary movements, even wen* adequate data 
available, but it is desirable to point out that each of the major downwarps of 
post-Tertiary time corresponds in position with a synclinorium in which pre-Tertiary 
sediments were deposited. Cretaceous stratii occur in the Methow downwarp, and 
Eocene deposits are extensively developed in the Wenatchee and Yakima down- 
warps, whereas on the intervening upwarps the rocks are very much older. With 
regard to the Cretaceous, we can not say that the limits of geographic distribution of 
the sediments correspond with the depression which developed later. Indeed, the 
Cretaceous rocks extend across the northern part of the Cascade upwarp, where they 
occur upturned to dips of 90 degrees. The basins of Eocene stmta, on the other 
hand, were of local character, and apparently do correspond somewhat closely to 
the respective downwarps in which they are found; but this is not true, as pointed 
out by G. O. 8mith, in regard to the Miocene of the Yakima Valley. Rocks of 
Miocene, Eocene, Cretaceous, and earlier ages had suffered compressive stress and 
been folded during more than one epoch of deformation before the beginning of 
that late Tertiary topographic cycle during which the Methow peneplain developed. 

From these facts it is apparent that the post-Tertiary deformation was not a 
peculiar effect initiated in a region previously little disturbed, but was merely the 
successor of other effects to which it may be genetically related, in so far as a common 
cause may have acted in this province from an early geologic date. 

This is an expression of a fact which is of general occurrence so far as the 
writer's observation goes, namely, that a region of orogenic movement has commonly 
been the scene of repeated mountain growths widely separated in time. The reverse 
(that there are extensive provinces in which mountainous elevations have not devel- 
oped) is also true, and the facts thus point to persistence, intermittence, and localiza- 
tion of the causes of orogen3\ 
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TERTIARY AND POST-TERTIARY DEFORMATION. 

All that follows relates to deformation which is later in time of occurrence than 
the planation of the Methow peneplain. The effects as a whole might be summed 
up in the phrase the growth of the Cascade Range. The general effect is the uplift 
of the mass from which the Cascade Mountains are carved, and the details have })een 
dcvscribed in preceding paragraphs. 

Through a study of the physiography^ and particularly of the Columbia River 
Valley above Wenatchee, two episodes of deformation have been distinguished, the 
first being that which occasioned the Entiat cycle of physiographic development, the 
second that which gave rise to the Twisp cycle. Referring to the table of physio- 
graphic development, it will be seen that these may both be considered pre-Glacial — 
that is, pre-Pleistocene — if the glacial conditions of the Cascade Range be found to 
have been restricted to a single episode; or the Entiat and Twisp cycles may both 
fall within the Pleistocene if two or more glacial episodes should be recognized. 
The writer inclines to the belief that the latter interpretation is correct, the reasons 
being that the condition of planation reached during the Methow cycle was probably 
such as to require most of Pliocene time for its development, and, further, that there 
is distinct evidence in the drift deposits of Puget Sound of two well-separated 
glacial invasions. Thus it seems probable that both episodes of growth of the 
Cascade Range fall within the Pleistocene division of the Quaternar}-. 

It has been pointed out by G. O. Smith that effects of upwarping and down- 
warping, which in the Yakima Valley may be regarded as effects of Twisp date, 
correspond to anticlines and synclines that developed before the Methow plain 
reached its last phase. Smith does not in his area recognize the Entiat stage, and 
no comparison of effects of that stage with others is made by him. In the region 
north of the Wenatchee, however, it seems probable that upwarps and downwarps 
which were moderately developed during the Entiat cycle were greatly accentuated 
during the Twisp cycle, and that there was practical coincidence of the axes of 
elevation and depression during the two different episodes. Thus the Columbia 
Valley across the Entiat-Badger Mountain upwarp is deeper for each of the two 
cycles than the corresponding valley south of Chelan Butte, and it follows from this 
fact that the axis of upwarping was well marked in the earlier as well as in the later 
stage of deformation. Many of the facts of physiographic development which have 
already been adequately discussed point in the same direction. 

CAUSES OF DEFORMATION. 
DIRECTION OF STRESS. 

Granting that theoretically stress may be exerted in the earth's crust from any 
direction, it is convenient to discuss effects of stress as due to vertical or horizontal 
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coinponents, which are thus taken as being those forces that have ^iven rise to 
deformation; and in what follows there is a tacit assumption that we have to deal in 
this particular case with effects either of vertical stress or of horizontal stress, one 
or the other tind not both. 

Vertical stresses appear at first sight more probably to have been the effective 
causes of vertical uplift than horizontal .stresses, and the imagination appeals to the 
intrusion of deep-seated batholiths of granite beneath the elevated mass of the 
Cascade Range. In doing so it can point to pre-Eocene and Miocene intrusions of 
granite within the area; it may emphasize the fact that the principal monadnocks 
above the Methow plain are of granite Mount Stuart being the most striking and 
important example, and from the 'occurrence of granite within the areas of upwarps 
it may argue a coincidence of intrusion with uplift. The last-named point is, how- 
ever, in a measure invalidated by the fact that the occurrence of granite beneath the 
later sediments which lie in the downwarps can neither be affirmed nor denied. 
Against the hj-pothesis that the deformation of the Cascade Range is due to vertical 
stress, and possibly to batholithic intrusion, are the generally observed facts that the 
rocks ever3'^where exhibit phenomena of jointing and flexure due to compression 
and that folds in the bedded basalts of the Yakima Valley are even overturned. 

Turning to consider the effects of tangential or horizontal compressive stress, it 
is desirable to distinguish two classes of effects, one of which may be known as com- 
petent structure, the other as incompetent structure, involving shear or flow. Com- 
petent structure is exhibited in an elevation of stratified rocks such as is commonly 
described by the term anticline. It is developed under conditions that direct the 
effective component of the stress in the direction of bedding. At any point of change 
of dip the stress is resolved into two components, one of which continues in the far- 
ther direction of bedding, and the other acts radially to elevate the stratum with the 
load resting upon it. The requirements of devejopment of the structure are those 
of an arch capa})le of supporting the superincumbent load, and the proportions of the 
structure are limited accordingly. From these considerations it follows that anti- 
clines raised under the law of competent structure are relatively narrow.'' 

The horizontal extent of the Cascade uplift is so great as compared with its 
height that if regarded as an arched structure it is exceedingly flat. Its width varies 
from forty to sixty times its height; and it is clear that no section of a }>ody of rocks 
thus extending over two or three scores of miles can be looked \i\Km as self-sustain- 
ing. It follows that the elevation of th(* range as a competent structure can not be 
considered. 

The development of incompetent structure })y compression results in shortening 
the mass in one direction, or in two directions; with corresponding elongation of the 



a Willis, Mechanics of Appalachian structure: Thirteenth Ann. Rept. V. S. Geol. Survey, pt. '2; Viin His<'. Principles 
of pre-Cambrian Kt^olo^y: Sixteenth Ann. Rept. V. S. Ge<>l. Survey, pt. 1. 
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other dimensionn, or of the third dimension. The change of volume, if there be SLn}\ 
is assumed to be negH|rible; that is, in considering this type of deformation the vol- 
lune is taken to be constant. The strain may be that which is described by Becker 
as a simple shear, ^ or that which Van Hise denotes I)}' the term pure shortening.* 
The distinction lies in the internal structures developed within the mass, the change 
of form as a whole being the same in either case. 

It has been shown b}- Becker, through mathematical analysis,^ that dividing 
planes develop through simple shear in elastic brittle masses at angles approaching 
45 degrees to the direction of stress, and this theoretical conclusion has been abun- 
dantly substantiated through experiment. On the other hand, Van Hise and Hoskins 
have shown that in case a rock mass has been made to flow in a direction of least 
resistance, cleavage planes are developed in a normal attitude to the direction of 
stress. The structural change is apparently one involving minute movements upon 
many parallel planes, acxtompanied by the rotation of already existing mineral 
particles and the development of new minei"als whose longest axes are parallel to the 
direction of flow. This structure develops only in the zone of flow and gives rise to 
''flow cleavage." Shear, as described by Becker, may occur in any rigid mass, in 
the zone of flow or in that of fracture; in the zone of flow it does not correspond 
with flow cleavage; in the zone of fracture it may give rise to independent ''fracture 
cleavage"' or jointing. 

The structural phenomena of the Cascade Range an* illustrated in the two views 
of PI. XX, which were both taken within a mile of Cascade Pass at the head of the 
Stehekin. In A the cliff rising above the lake exhibits near the center of the view a 
number of inclined joint planes, which are sufficiently well marked to have determined 
the 'courses of the rivulets descending from the slope above. No exact observations 
of the dips of these planes are available, but they appear to lie at such an angle to the 
horizontal as possibly to come within the limits assignable to the attitude of shearing 
planes or fracture planes. They may be hypothetically regarded as effects of shear 
developed in the zone of fracture through a horizontal compressive stress. In 
PI. XX, /?, a nearly vertical cleavage structure is clearly exhibited in the details of 
topographic forms. It is that structure which if dominant in the heart of the Cascade 
uplift, and so far as macroscopic examination shows it has the characteristics assigned 
by Van Hise*to cleavage developed in the deep zone of flow. The inference which 
may, with some assurance, be drawn from its widespread occurrence is that the mass 
of the Cascades was deformed while that portion now exposed in the highest peaks 
was still very deeply buried.'' 

a Finite homogeneous strain, flow, and rupture of rocks: Bull. Geol. fkn'. America, vol. 4, p. 22. 
^Principles of North American pre-Cambrian geology: Sixteenth Ann. Kept. U. S. (Jeol. Survey, pt. 1, p. 636. 
«'Ibid., p. aOetseq. 

''For related otwervations see Spurr, J. E., Ore deposits of Monte Cristo, Washington: Twenty-second Ann. Kept. U. S. 
Geol. Siirvey, pt. 2, pp. 801-802. 
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Flow cleavage and fracture cleavage structure have a coninion origin in com- 
pressive stress. The observed structures in the Cascade Range occur generally 
throughout the mountains, and can not be separated according to locality. The}' 
may perhaps be distinguished })y date. If it should be found that the fracture 
cleavage developed in the zone of flow cleavage, the two niaj" be assigned to a com- 
mon episode of deformation, the date of which must be set so far back that the 
cleaved rocks were exposed through erosion before the development of the Methow 
plain; that is to say, to a pre-Pliocene date. On the other hand, it may be that the 
fracture cleavage or jointing was predominant!}^ developed in the zone of fmcture, 
and miLst be assigned to a date at which the rocks that it now traverses were nearer 
the surface than they had been when the flow cleavages were formed. In this case 
the relation of the inclined jointing to the pre-Pliocene cleavage may be such that 
the shearing can be attributed to that compressive stress which is thought to have 
caused the elevation of the Cascade mass as it is now observed. This is the conclu- 
sion reached by Spurr.^' 

DIMENSIONS OF THE CASCADE BLOCK. 

The speculations of the preceding paragi*aph in regard to the depth at which the 
structures may have developed naturally lead to consideration of a problem which 
may be stated thus: What may have been the depth of the prism which in conse- 
quence of compression horizontally was so elongated vertically as to produce the Cas- 
cade uplift. There are many qualifying factors, the data for which are incomplete 
or wanting; numerical results, therefore, can at best indicate only an order of magni- 
tude, yet nevertheless there may be profit in stating the conditions of solution. 

Stripped to its purely mathematical form the problem is: (liven a prism, sup- 
ported in isostatic equilibrium and subjected to strains in consequence of which its 
width, length, and height are changed, but without change of volume; and given the 
width before and after strain, the ratio of lengths before and after strain, and the 
amount of vertical elongation, to calculate the original height. 

Through the courtesy of Mr. (Jeorge F. Becker the following mathematical 
analysis is given: 

UPLItT^ BY HORIZONTAL COMPRESSION. 

The original dimensions of a block are x, y, z, where y is vertical. 
As a result of strain the dmiensions become x', y', z', and the volume remains 
constant. 

Let x' = ax and z' = /^z, then \' = ^-, 

aft 

"Twenty-second Ann. Rept. V. S. Geol. Survey, pt. 2, p. J02. 
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C. If the strain is the same in the directions y and z, 
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To apply this general formula to the special case of the Cascade uplift we may 
approximate to x, the original width, on the warped surface of the peneplain; may 

measure x', the present width, a^ the distance 
from the western to the eastern base of the 
uplift at sea level; and may determine the 
amount of vertical elongation as the mean 
elevation of the warped surface above sea 
level. 

The complete form of the upwarped sur- 
face not having been worked out, it appears 
best to express, between rather wide limits, 
the relations of the width x before strain to 
the present width x'. According to an estimate based on measurements of the 
warped surface from Columbia River over the Methow Mountains, the width on 
the warped surface must exceed that on the sea-level line by more than one- 
tenth of a mile in a hundred miles, and this may be taken a^ the least possible 
ratio of X to x'. Whereas, on the other hand, this ratio probably does not exceed 
2 miles in 100, since the width on the warped surface is an arc A C B and is 
considerably shorter than the distance A I) E B, which, if the mean height be U 
miles, is 3 mile.s. The altitude of the Cascade upwarp being about 8,500 feet over a 
large area, a mean height of 1^ miles is probabU' a reasonable estimate. In latitude 
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A RECONNAISSANCE IN NORTHERN ALASKA IN 1901. 



B}^ F. C. SCHRADER. 



INTRODUCTION. 

Since 1898 the United States Geological Survey has been carrying on systematic 
topographic and geologic surve3\s in Alaska under an appropriation made for the 
investigation of the mineral resources of the Territory. This work has included not 
only areal surveys of regions already being developed by the miner and prospector, 
but also explorations and investigations of regions that are little known or entirely 
unexplored. As a result of these explorations a network of reconnaissance traverses 
has been extended over a large part of Alaska, where route surveys of this character 
must necessarily precede more detailed topographic and geologic mapping. They 
serve to outline the main geographic features of the country and afford the pioneer 
or prospector a guide for his journeys as well as help him to select his field of 
operations. The present report and maps are the results of such an investigation. 

Previous to 1901 but two journeys^' which yielded any geographic results had 
been made across northern Alaska b}^ white men. The first of these was made by 
Lieutenant Howard, U. S. Navy, in 1886, and extended from Kowak River to Point 
Barrow, w^hile the second, made by J. H. Turner, in 1890, followed the one hundred 
and forty-first meridian from the Porcupine. The conditions under which these 
journeys were carried on precluded instnnnental work. The present survey must 
therefore be considered the first made with precise instruments from the Yukon to 
the north coast of Alaska. In connection with the traverses made of Chandlar and 
Koyukuk rivers by Mr. T. (t. Gerdine, and of Dall, Alatna, and Kowak rivers by 
Mr. 1). L. Keaburn, both of the Geological Survey, it outlines some of the most 
important of the physical features and drainage channels of northern Alaska. 

The exploration on which the following report is based w^as made by the writer 
during the season of 1901, w^hile attached as geologist to a party in charge of W. J. 
Peters, topographer. The other members of the party were Gtuston Philip, topo- 
graphic assistant; Thomas M. Hunt, George H. Hartman, Charles H. Stuver, Ben 



a For references nnd details see pp. 29 and 83 of this report. 
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12 RECONNAIS8ANCK IN NORTHERN ALASKA IN 1901. 

Bennett, and Joe Edge, cramp hands, all of whom rendered untiring and efBcient 
service and manifested genuine interest in the expedition. Sections prepared by 
Mr. Peters are credited to him in the proper places. 

As earl}' as 1896 the Survey considered projects for reaching this unexplored 
field in northern Alaska, but owing to the remoteness of the region and the difficul- 
ties of transportation, no plans could be devised which did not involve the wintering 
of a party in this arctic country at great cost and much loss of valuable time. The 
first plans submitted were by Mr. J. E. Spurr, who proposed a traverse from 
the lower Koyukuk to Point Barrow, essentiall}' along the route followed by 
Howard. The probable existence of a passable route 200 miles east of the above, 
l>etween the upper Koyukuk and the Arctic slope, was not learned until 1899. The 
transportation difficulty, however, became less formidable when the discovery of 
gold on the Koyukuk, in the widespread search which attended the Klondike excite- 
ment of 1897 and 1898, led to the location of a trading post at Bergman, on Koyukuk 
River, near the Arctic Circle, nearly 500 mile^ above its mouth, and subsequently to 
annual visits to this post b}' the steamboats of a reliable company. 

In the light of this later information, gained by a visit to the upper Koyukuk in 
1899, the plans of the present expedition were formulated by the writer and sub- 
mitted to the Director of the Survey, who approved them, and preparations were 
accordingl}- begun in the spring of 1900. The writer being otherwise engaged, the 
task of purchasing and assembling at San Francisco the necessary outfit, including 
four months- provisions for eight men, fell to Mr. Alfred H. Brooks, who was aided 
by Mr. R. B. Marshall. 

The outfit, including canoes and supplies, was shipped from San Francisco 
through the Alaska Commercial Company early in the spring of 1900 and stored at 
the Bergman post until called for by the Surve}?^ party in 1901. From this base it 
was planned to carry the work northward across the Rocky Mountains of northern 
Alaska to the Arctic coast, and to conduct a parallel return traverse, from some other 
point on the coast than that at which it was reached, southward into the Koyukuk 
Basin, if conditions should permit. In case the return trip to the Koyukuk should 
be found impracticable the party was to proceed northwestward along the coast and 
seek relief at Point Barrow, where it was hoped it might be picked up by a return- 
ing revenue cutter or arctic whaler. In the event, however, that no such vessel 
appeared (as proved to be the case), it was proposed to at once continue south- 
westward along the coast in native skin boats or by dog sleds, as conditions might 
permit, until some chance vessel along the coast or some mining camp in the Nome 
region should be reached. 

As this northern region was practically unsurveyed and much of it was entirely 
unexplored, it was planned to make an instrumental survey along the route of 
travel, which was to traverse the Rocky Mountains stretching across northern 
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appreciated to pass without notice. Thanks are also due to Mr. Charles Brauer and 
others for hospitality and courtesies received at Cape Smyth, and to Captain £ricson 
for transportation on the steamship Arctw from the Corwin coal mines, near Cape 
Lisburne, to Nome. 

The determinations of the fossils collected on the trip and referred to in this 
report were made by Drs. Lester F. Ward, W. H. Dall, T. W. Stanton, George H. 
Girty, Mr. Charles Schuchert, and Prof. William M. Fontaine, each dealing with the 
fossils from the horizons of which he has special knowledge. The coal analyses and 
mineral tests were made by Messrs. George Steiger and H. N. Stokes in the chemical 
laboratory of the Survey, and the assays for gold and silver by E. E. Burlingame 
& Co., of Denver, Colo. Fig. 1 (p. 40) and other information bearing on the Cape 
Lisburne region have been generously contributed by Mr. A. G. Maddren. 

METHODS OF WORK. 

Dog sledding. — As the success of the work required the surveyors to reach 
the field before the break-up of winter, and Point Barrow by September 1, the 
party set out from Skagway early in Februar}^, and, after proceeding over the Coast 
Range by the White Pass Railway, traveled by dog sled from White Horse 1,200 miles 
down the Yukon to Bergman, which was reached April 10. Traveling by this means 
is known, in the language of the country, as "mushing," and the traveler is called a 
"musher." The "m usher" does not ride on the sled, which is used only for carry- 
ing the absolutely necessary supplies and luggage, but follows the sled afoot and 
urges the dogs forward, or runs ahead on snowshoes to break a trail where none 
exists, or where, as frequently happens, it has been drifted over. To keep trail 
breaking and friction in travel at a minimum the dogs are all hitched tandem, from 
five to nine in a team. The Survey party used four teams, or about forty dogs in all. 
Their feed, which is given once a day, usually at night, consists of some cereal, rice, 
meal, or flour, cooked with meat, fish, or grease. Rice and bacon, flavored with a 
little dried salmon, is best. It is affirmed by experienced and reliable prospectors 
throughout Alaska that on arduous prospecting trips, where a man is dependent for 
sustenance on the food supply packed on his own baok, he, too, can go farther and 
accomplish a greater amount of hard work on rice and bacon than on any other ration. 

At the present da}'^ two classes of dogs are used for sledding in Alaska — the 
"inside"' or native, consisting of Siwasli and Malemut, and the "outside," consisting 
of various breeds of imported dogs, principally from the United States. The outside 
dog excels in intelligence and is usually desirable for a leader, but the native dog is 
best for all-round service and for long, hard trips, as he requires less food and care, 
and having a dense pelt, much like that of the wolf, is less aflfected by the severity of 
the climate, hardship, and exposure. He is also less liable to become footsore on a 
tmil of rough ice and freezing slush. 
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bulged or raised the formerly level ice floor along the middle part of the river 
into a low arch, whose crown, by May 26, stood about 5 feet above its edges 
or pedal extremities, which were still frozen fast to the shores. In the mean- 
tmie the excess water, increased by surface drainage due to thaw, unable to find 
passage beneath the ice, formed broad overflow streams, several feet in depth, 
coursing on the surface of the ice that formed the limbs of the arch on either 
side between the crown and the sliore. These conditions increased until the 29th, 
when, at 2.30 p. m., the ice, now visible in the middle of the river only along 
the crown of the arch, broke or parted transversely and almost bodily moved 
one-eighth of a mile downstream, when it was stopped by a jam; but at 6.30 it again 
started and moved about a mile. Soon after this, with increased rise of the river, 
a general breaking up of the ice took place, and it continued to run more or less 
steadily until June 6, when the river cleared of it and became navigable. So far 
as observed, the ice rarely exceeded 2i feet in thickness, this comparative thin- 
ness being probably due to the protecting heavy mantle of snow. Permanent ice 
usually forms on the river by October 10. 

Stoney^ has described a break-up witnessed by him at Fort Cosmos, on 
Kowak River, which was probably in most respects similar to that on the Koyu- 
kuk just described. In Stoney's description occurs the statement that ''the ice 
suddenly became covered with water, increasing in depth on both sides of the river 
and decreasing toward the middle." As no reason appears to be assigned for the 
otherwise peculiar increase of water at the sides and its decrease toward the middle, 
the writer infers that this phenomenon was due to the ice-arch feature, which 
seems not to have been recognized by the observer at the time. 

The arching feature of the ice, which seems to be characteristic in the breaking 
up of Arctic rivers and does not attend those in temperate zones — granting a rise 
jn the water at the head of the rivers in both zones — is ascribed by the writer 
primarily to the presence of permanent subterranean frost, in whose icy grasp 
the edges and lateral portions of the ice become so firmly welded and held to the 
frozen earth along shore and the shallow riparian portions of the river bed that 
it is not released until thawed from the surface downward by almost midsummer 
suns. In temperate climates, on the contrary, where perennial underground frost 
does not exist, the longshore ice is the first to give way, and is often replaced 
by open- water leeways due to the warming and thawing influence of the under- 
ground temperature soon after the climax of winter is past. 

After the break-up the party proceeded })y river steamboat 80 miles up the Koyu- 
kuk to Bettles, a new supply post near the sixty-seventh parallel. From this point, 
commencing June 13, after doing a day's work on Lookout Mountain, the work 
was continued northward 125 miles, with Peterborough canoes, up a large tributary 

aStoney, Lieut. George M., Naval Explorations in Alaska, U. S. Naval Institute, Annapolis, Md.. 1900, p. 52. 
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of the Koyukuk, John Eiver,^ to its headwaters, thence by a 5-niile portage via 
Anaktuvuk Pass through the mountains to the upper waters of Anaktuvuk River, 
the large east fork of the Colville, which flows northward to the Arctic coast. 
These rivers were descended by canoe and the coast was reached August 15. The 
ice on the Colville is reported to have broken up July 16. 

After mapping a considerable portion of the Colville delta, the work was con- 
tinued by canoe 100 miles northwestward along the coast to Smith Bay. Here, 
owing to the lateness of the season, the stormy weather, and heavy surf incident 
thereto, the plane-table work was dropped and the journey was continued with 
Eskimos, who, traveling in walrus-skin boats of native make, were encountered on 
the journey to Point Barrow. These skin boats were found to be more seaworthy 
and to sail better than our Peterborough canoes. 

September 3 Point Barrow was reached, where it was hoped that passage to the 
States might be procured on a vessel of the United States Revenue-Marine Service 
or some whaler; but when it was learned that all such vessels had gone, and that the 
ice on the ocean was expected to close within a week (September 10 being the 
usual date), supplies and an open whaleboat were hastily procured and the party 
proceeded southwestward along the coast, hoping to make connection with a whaler 
several hundred miles farther south, at Point Hope, where one was expected to touch 
to leave her native crew. By exceptional good fortune, however, on September 18, 
at the Corwin coal fields, 80 miles above Point Hope, the steamer Arctic was met, 
which carried the part}^ to Nome, where it landed on September 26. From here 
passage to Seattle was readily obtained on one of the numerous Alaskan steamers. 

Methods of scientific work, — As the Koyukuk did not break up until June, and 
the expedition, to be successful, was obliged to reach Point Barrow early in Sep- 
tember, the season of work was necessarily limited to a period of less than three 
months, during which 500 miles had to be traveled. Since it was impossible to make 
more than from 3 to 7 miles a day up the swift waters of John River — and to accom- 
plish even this required the united efforts of the entire party — it became necessary 
to make almost daily advances, and therefore many mountains could not be climbed 
that might have aflforded more extensive opportunity for observation. 

The topographic work was carried on by a combination of the plane table, 
triangulation, and tachometry, of which an account is given by Mr. Peters on pages 
24—25. An independent traverse was carried on by the geologist by means of compass 
and aneroid to serve as an immediate base for locations in the geologic notes. In this 
traverse the distances were paced or estimated, and the work was daily connected 
with the more accurate surveys of the topographer, while from the topographic 
stations and other established points panoramic photographs with recorded bearings 

a Named for John Bremner, pioneer prospector and explorer, who was killed and robbed by a native in tlie Koyukuk 
refflon in 1888. Its native name is Alchichnn. meaniiif^ wind riivr, so named on a<*count of the fierce wintry blasts that 
sweep down it from the Arctic side of the divide, throuKh Anaktuvuk Pass. See also note on p. 68. 

189— No. 20—04 2 
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were usually taken to show the character and relations of surrounding rock masses 
and to supplement topographic sketches. 

So far as possible the geologic section was continuously examined, and, where 
conditions permitted, detailed sketches and diagrammatic notes were made of 
contacts, structures, mineral zones, and other important features. 

irrNlERARY AND TOPOGRAPHIC METHODS. 

By W. J. Peters. 

Following is an extract from the letter of instructions from the Director of the 
Survey: 

PLAN OF OPERATIONS. 

"The object of the expedition under your charge is to execute a reconnaissance 
survey from Bergman to the Arctic Ocean. The advance will be made by ascending 
some tributary of the Koyukuk to the divide against which head streams flowing 
northward to the Arctic Ocean, and thence down such a stream to the Arctic. The 
return trip will be preferably overland over a route east of that traversed in reaching 
the Arctic, so as to obtain as much information relating to the interior as possible. 
If the main branch of the Colville is not descended, however, in going northward, it 
will probably be advantageous to return along its course. If time or other circum- 
stances do not permit of the overland return, the most practicable alternative route 
will probably be along the shore via Point Barrow, until the party may be picked up 
by a vessel of the Revenue-Cutter Service or a steam whaler cruising in the Arctic. 
If relief should not be obtained from the above sources, the journey should be con- 
tinued southward until a vessel becomes available or the mining camps are reached. 

"As the territory to be traversed is so entirely unknown, you are especially 
instructed to secure all topographic and geographic information that can possibly 
be obtained. Sights to all mountain peaks should be taken, distances estimated if 
intersections are not pi*acticable, and sketches made. In short, no opportunity 
should be neglected for locating, however approximately, all features that can be 
seen, especiall}^ in view of the fact that it is proposed to prepare a general map of 
Alaska on the scale of about 40 miles to the inch, and that your party will probably 
be the only one that will penetrate this region on a geographic mission for many years. 

"You are further instructed to aflford every facility to the geologist accom- 
panying the party for the prosecution of his special work, and to consult with him 
in regard to all important emergencies." 

In accordance with the above instructions I left Seattle February 9 on the steamer 
Victorian^ accompanied by three men — Graston Philip, assistant, Tom Hunt, and 
Charles Stuver. It had been arranged that the rest of the party, under Mr. Schrader, 
should join us at Bergman before the thawing of the ice and snow. We arrived at 
Skagway" Febniary 15, where we were obliged to wait three days on account of 
the snow blockade on the White Pass and Yukon Eailway. 

a I wiHh hero to mtikc acknowledgment of the courteous treatment nhown u« by Mr. E. S. Biwby, supervising officer 
Canadian customs, on presentation of the letter of Mr. John McDougald, commissioner of customs (Canadian), furnished 
me through the Director of the Geological Survey. 
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WHITE HORSR TO BERGMAN. 



We left Skagway on February 18 and arrived the following day at White Horse, 
the terminus of the railway. We found the thermometer at 55^ below zero, but it 
rose 30° before we started on our march. On February 21 we left White Horse with 
335 pounds, principally instruments and personal baggage, on each of two sleds. 
The first marches were made very short to avoid the lameness which results from 
the vigorous exercise of untrained muscles. 

Fifty-three road houses are distributed along the 369 miles of trail extending from 
White Horse to Dawson. This stretch of trail was broad and hard packed by 
pedestrian, dog, and horse. Considerable heav}^ freighting was being carried on by 
horse sled. Below Dawson the trail was narrow, in deep snow, and no wider than a 
dog sled. From Dawson to Eagle, a distance of 106 miles, there are but four stop- 
ping places, while farther down the Yukon they are even less frequent and usually 
not so well supplied, owing to their remoteness and to the scarcity of patrons. It is 
240 miles by winter trail from Eagle to Fort Yukon, and along this stretch are scat- 
tered 12 road houses. During the last portion of the journey, from Fort Yukon to 
Settles, a distance of 330 miles, there are no cabins, and we were dependent on our 
own resources. The trail followed there had been made by some parties that preceded 
us a few weeks, but owing to subsequent snowfalls it was frequently obliterated. 
This trail followed Chandlar River to Granite Creek and extended up that stream 
about 20 miles. It then led directly over tie summit, crossed the South Fork of the 
Koyukuk, again ascended a divide, and finally descended into Slate Creek, another 
tributary of Koyukuk River. From Slate Creek to Bergman there had been much 
travel by prospectors sledding their summer's supplies up from Bergman. 

The whole party stood the low temperature and arduous travel without bad 
eflfects. Only woolen garments were worn, which were found to give ample pro- 
tection while on the march. Wolf robes, one to each man, afforded a warm sleep. 
Our principal discomfort was due to wet feet. Probably the best footwear for wet 
snow and overflowing streams are mukluks, or the native boots made on the coast. 

Spruce timber was found on all the river bottoms and extending up the tribu- 
taries and gulches. Two short stretches, one on the divide between the Chandlar 
and South Fork of the Koyukuk and the other on the divide between the South Fork 
and the main Koyukuk, are above timber, but both of these were crossed in less 
than one day, so that every night we had firewood and some sheltering spruce, though 
it was small and scattered near the two divides. 

Moose tracks were plentiful in the Chandlar Flats, and ptarmigan were occa- 
sionally found along the trail, but no other game was seen. 
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We arrived at Bettles April 14, and were hospitably eared for by Mr. Turner, 
the agent at this post. The following day we proceeded to Bergman to examine our 
supplies, which had been sent in the previous season, and found them intact. 

RECONNAISSANCE UP ALATNA RIVER. 

The party was now divided into two parts for the pui-pose of reconnoitering a 
route through the mountains to the Colville waters. Mr. Philip was placed in charge 
of one of these, and, employing a native guide, ascended Alatna River* about 90 miles, 
to its eastern branch — the Kutuark. On May 5, his provisions becoming exhausted 
and the increased flow of water betokening a break-up, he turned back, after climbing 
a mountain near the mouth of the Kutuark, from which the head of this stream 
appeared to be completely surrounded by high mountains. The northern limit of 
timber appeared a few miles above the confluence of the streams. Up the western 
branch the timber extended as far as the valley floor could be seen. 

Returning, Mr. Philip reached Bergman May 10. On this trip a few natives on 
their winter hunt for caribou were encountered. 

RECONNAISSANCE UP JOHN RIVER. 

On April 23, with the remainder of the party and a native, I started up John River. 
The first day's march was over the lowlands and directly toward a gap in the moun- 
tains. This direct course avoided many large bends in the river, and by night we 
camped close to the foot of the mountains, having made 16 miles. April 24 we 
entered the mountains, which rose from 3,000 to 4,000 feet above the valley, and 
traveled over the frozen stream, with but few cut-offs. On this trip we overtook a 
native woman, whose four previous camps we had passed. She was subsisting on 
rabbits that she caught with primitive traps. Camp was made after a march of 
10 miles. On April 25 overflows were frequently encountered in the morning, but 
in the afternoon we were again in deep snow, which was soft, and necessitated the 
breaking of a trail. This was very tedious work, as the trail had to be traveled 
several times by all of the party and tramped down with snow shoes before it would 
support the sled. Sixteen miles were made in this day's march. Natives were seen 
in the afternoon. On April 26 we were traveling in soft, deep snow, and after going 
10 miles were glad to end the weary tramp. On April 27 more natives were seen, 
who gave us the welcome information that little snow was ahead of us, and but little 
further on was the bare ice of the frozen stream. In the afternoon another camp of 
natives was found, and shortly after we ran onto bare ice, which was a great relief 
to man and dog. The day's march was 17 miles. On April 28 the traveling was on 
bare ice. Early in the morning wo reached timber line and took on a supply of fire- 

« Called Allen River by Mendenhall in Prof. Paper U. S. Geol. Survey No. 10, 1902. 
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wood. Grass could be seen protruding through the snow. Wind drifts and marks 
in the snow indicated very strong wind storms; indeed, we had been warned by the 
natives last met to go into camp if a blow from the north came on. The pass was visi- 
ble at the end of a march of 20 miles. I left camp standing and proceeded to explore 
the pass, which appeared to be short and easily passable. It was impossible to esti- 
mate correctly the length of portage for the canoes on account of the frozen condi- 
tions. On April 30, being satisfied that the mountains could be crossed through this 
pass, which I called Anaktuvuk, from the northward-flowing river that it leads to, 
we started on the return to Herman, which, with our now lightened sled, we reached 
on the morning of May 3. During our absence Mr. Schrader had arrived with 
the rest of the party, according to the original plan. He had found the trail again 
covered with snow, and to make better progress had thrown away tent, stove, and 
other articles. 

On the reconnaissance up John River, about thirty natives — men, women, 
and children — were counted. It is their custom to ascend the tributaries of the 
Koyukuk in winter to hunt. Caribou is their principal source of food. They never 
go beyond timber line, and it is very seldom that natives of the north coast come as 
far south. When the waters run they build rafts and float down, bringing skins to 
Bergman for trade. 

It was now too late to move the cache of provisions with sleds, for the snow was 
fast becoming soft and the streams were beginning to run. We therefore proceeded 
to Bergman to await the breaking up of Koyukuk River, and spent the remaining 
time in starting plane-table work in that vicinity. A base was measured on the river, 
and four points had been occupied with plane table, when travel became impossible. 

At Bergman there were three white men, and but one of these, Mr. Powers, the 
agent, was there permanently. Not more than half a dozen natives live near the 
ti-ading post. Mr. Powers succeeded in keeping a horse all winter, feeding him 
oatmeal and hay, made from a coarse native gmss. Several horses were also wintered 
at Bettles. 

The cost of travel from Seattle to Bergman, via Skagway, during the winter, is 
about $800 per man. The cost of freight from San Francisco to Bergman, by ocean 
and river steamers, was $150 per ton. 

CANOE TRIP FROM BETTLES TO POINT BARROW. 

On May 29 the river ice broke, but jammed again in a few minutes. It alternately 
moved and jammed until June T), when the river became practically clear of i(^e. On 
June 8 the river steamer Luellu came down from winter (juarters and carried the 
party and outfit up again to Bettles. Preparations were immediately begiui for 
ascending John River, and Lookout Mountain was occupied with the plane table. 
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A horse was hired, to be used later in packing across the divide, and T. M. Hunt 
was instructed to provide himself with ten days' provisions and proceed up the valley 
of John River to good grazing, there to await the arrival of the party, which would 
work up the river in canoes. The canoes started June 13, when the water was high 
and very swift. Progress was best made by reaching out from the bow of the canoe, 
clinging and hauling on projecting bough branches and snags (which is known as 
''milking the brush"), and aiding the advance, by the judicious use of a pole from 
the stern. High water gradually decreased until June 27, from which time on poling 
and tracking were more advantageous. Working canoes up this stream necessitated 
constant wading in the water at a temperature of about 50^. No ill effects, however, 
were observed in any of the party. Snow had by this time disappeared, except on 
some of the highest mountains. Occasional stops of one day each were made to 
ascend prominent points to carry on the mapping. The northern limit of spruce was 
passed July 8. Beyond this was a thin growth of willows along the stream and its 
tributaries. On July 9 we passed through a narrow gorge in which the stream wes 
very swift and many bowlders occurred. This was one of the most dangerous parts 
of the river, and from this point to the camp of July 15 the river was a constant suc- 
cession of rapids and dangerous rocks, and should not be descended in boats by any 
one unfamiliar with it. Between camp July 15 and camp July 16 the stream is slug- 
gisli. Above the latter point it spreads out, becoming shallow and swift. From 
camp July 17 the outfit was packed over by the men and horse to a small lake which 
empties into the Anaktuvuk, and which 1 have called Cache Lake. Numerous small 
lakes occur in the pass and along the sluggish parts of the stream. 

Grayling abound in the lakes and in the pools that occur in the streams. Several 
caribou were shot, and signs of goats were frequent on the mountain tops. Every- 
thing having been packed over to Cache Lake, on July 22 mail and reports were 
intrusted to a native, together with the horse, to take back to Bettles. 

On July 24 the party started down the Anaktuvuk. About 4 or 5 miles above 
camp July 28 the mountains end and the stream runs through rolling tundra in a 
fairly straight course. The channel frequently spreads out and becomes so shallow 
that wading had to be resorted to in order to lighten the canoes. Many caribou 
were seen, and one was shot. A small grove of balm of gilead, consisting of about 
a dozen trees, was passed August 3. Mosquitoes, which had been extremely annoy- 
ing since June 14, had practically disappeared. Redtop grass was seen growing in 
many places, particularly at camp August 5. Between camp August 6 and the 
mouth ' of the Anaktuvuk willows became thicker, and some were several inches 
in diameter. Among these were scattered a dozen or two balm of gilead, which, 
growing to a height of about 30 feet, look gigantic in the absence of other timber. 
The stream flows through a country that is almost flat, covered with moss, and dotted 
with small lakes. 
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From the camp of August 8 the bluffs of the Colville were seen, and on August 9 
we ran into that river, which, at the confluence of the Anaktuvuk, is 12 feet deep 
and about 800 feet wide, with a current running 4 miles an hour. High-water 
marks were 10 feet above the stage of August 9. The water was fairly clear, but 
increased in turbidity as we floated down. I believe this turbidity is due to the wash 
from the bluffs, from which muddy little rivulets continually drip with the thawing 
of ice. Five miles below the mouth of the Anaktuvuk a short stretch of rapid water 
(6 miles an hour) occurs, in which bottom was touched at 2i feet in midstream. 
Though it is possible that deeper water might have been found, I doubt if it would 
have been more than 4 feet at that stage. Between the rapids, shown on the map 
accompanying this report, the current was not over 2 miles an hour, and in them it 
was not greater than 6 miles. The rapids shown are all very gentle, and average not 
more than 100 yards in length. Four feet of water was the minimum found over all 
of these swift places, except the one opposite Sentinel Hill," where the depth was 
not over 3 feet. At high water, which probably occurs in June, all of these small 
rapids would disappear. Good gi-ass was found on '' Coal " Bluffs. 

At Sentinel Hill the Colville divides and thence flows in two or more channels. 
The one nearest the bluffs on the western side of the valley is the deepest. Twenty- 
four miles below Sentinel Hill the end of the bluffs is reached, and the river, con- 
taining four islands, runs in one channel through a flat whose surface is 10 to 15 feet 
above sea level. The river gradually widens from 1,100 feet at the end of the bluff 
to 5,000 feet at the head of the delta. The head of the delta, where a very small 
tide is perceptible, was reached August 13. The main channel has a course N. 30° E. 
magnetic, and is the one farthest to the right, or the most easterly one. There was 
not sufficient time to follow this to the sea. It is over 12 feet deep at the head of 
the delta and apparently continues unbroken to the ocean. This is the only one that 
would be navigable for river steamers. In the endeavor to find the native village of 
Nigaluk, several channels were explored and the delta was roughl}- mapped, but it 
being evident that we had passed the westernmost or left-hand channel, on which 
Nigaluk is probably located, and not having time to return, we put out to sea. I 
estimated the delta to be about 20 miles wide. 

Tracks of caribou were numerous on the delta, and later I learned that caribou 
frequent the coast to avoid the clouds of mosquitoes in the interior. On August 18 
we left the delta and its mud flats and followed the coast, which varies from a low 
beach to ice bluffs 10 to 20 feet high. A camp of natives was seen on the delta, but 
little information could be obtained from them. They appeared friendly, but were 
not communicative. On August 20 these natives overt6ok us, followed by about a 
dozen umiaks, each containing from three to six persons — men, women, and children — 
on their way to Point Barrow. As they appeared to weather seas that we dared not 

a An isolated hill, eo named on account of being a prominent landmark. 
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attempt in our canoes, and as our time was getting short and storms were brewing, 
I decided to induce these natives to take us in their boats. 

Along the coast we were dependent for firewood on the ocean drift. This is 
abundant in places, but at several camps there was barely sufBcient for our need. 
It does not compare in quantity with that found on the southern coast of Seward 
Peninsula. Among the logs, which were principally spruce, were noticed a redwood 
and one or two pines. Drinking water is to be had almost everywhere along the 
coast, even on the small islands, provided they are covered with moss. It is, how- 
ever, often brackish. 

After losing several days by storms, we arrived at Point Barrow on the evening 
of September 3, and at Cape Smyth about midnight. Mr. Brauer, agent of the 
whaling station here, gave us a warm welcome. A steam whaler had left a day or 
two before, and as no more vessels were expected to pass the point, he supplied us 
with a whaleboat with which to sail to Cape Hope, where he thought we would likely 
catch a vessel bound home. We started on September S, as there was danger of the 
ice pack being driven in if the wind shifted to the northwest or north. 

The coast from Cape Smyth to Cape Beaufort is very low, with a sandy beach, 
back of which bluflfs rise rarely to a height of 75 feet. No high land could be 
discerned in the interior. Except when- prevented by the storms of September 6, 9, 
11, 12, and 13, we were constantly working toward Cape Hope, sailing, rowing, 
or towing. 

In the afternoon of September 18 we sighted the funnel and masts of a steamer 
lying off the coal veins east of Cape Lisburne, and about dark, there being a perfect 
calm, this steamer, which proved to be the Arctic^ was boarded. She was taking on 
a load of coal for Nome, and on the night of September 21 she steamed away, arriv- 
ing at Nome September 26. Here one of the regular steamers was taken for Seattle, 
where the party was disbanded. 

METHODS OF TOPOGRAPHIC WORK. 

At intervals of about 10 miles prominent points adjacent to the river were ascended 
for topographic sketching on the plane table. Two signals, usually stone cairns 
about 6 or 7 feet high, were left on each of these points to mark the ends of the base 
which was to be used in determining the distance to the next station. This next 
station was usually selected first, so that the base might be laid off at right angles to 
a line joining the two stations, or as nearly so as the shape of the summit would 
permit. The direction of the base was always projected on the plane-table sheet to 
permit of the measurement of the angle between it and a line to any other station 
that might be occupied. The length of the base was from 300 to 600 feet, and was 
chosen with regard to the estimated distance and direction of the next station so as to 
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subtend an an^le of about 22 minutes, which was measured with the micrometer 
screw of the alidade. 

Between stations a traverse of the river was made with prismatic compass and 
stenometer. The plat of the traverse was transferred to the plane-table sheet 
and fitted to the located points. The orientation of the plane table was controlled 
by the azimuths, determined with the theodolite when necessary. 

The method of plane-table locations was followed from Bergman to a point 20 
miles beyond the summit, and, judging from intersections on points on either side of 
the route, it was satisfactory and sufficiently accurate for the publication scale of the 
accompanying exploitation map. The compass and stenometer were usexl from a 
point 20 miles beyond the summit to the end of the traverse, on the Arctic coast. 

PREVIOUS KXPIiORATIOJ^S. 

HISTORICAL SKETCH. 

Soon after the discovery of America interest was awakened in, and attempts began 
to be made to find, a northwest passage from the Atlantic to the Pacific Ocean, and 
these led directly or indirectly to explorations of Alaska and adjacent regions. The 
discovery of the northwestern side of America, and especially, of the Arctic coast 
of Alaska, was preeminently the work of the English and the Russians. 

For the benefit of the reader who may desire to extend his knowledge on this sub- 
ject, a list of works from which much of the information here compiled has been 
drawn is given at the end of this chapter. Though the following sketch aims to 
note the more important of these discoveries and explorations, it does not attempt 
to be exhaustive. 

Samuel Hearne,* of the Hudson Bay Company, reached the Arctic Ocean as early 
as 1770 by way of Coppermine River, in longitude approximately 110^. His jour- 
ney was considered as demonstrating the practicability of reaching the coast by this 
route and means of travel, and, what was of much greater importance, the absence of 
any watei'way connecting Hudson Bay with the Pacific Ocean. 

In 1778 Captain Cook's expedition,* composed of the vessels JieHolution and Dk- 
covery^ in search of the northeast passage, explored the northwest cofust from Norton 
Sound to latitude 70^ 41', a little north of Icy Cape, where they were obliged by the 
ice pack to turn back. The conclusion reached at this time (and the correct one it 
afterwards proved to be) was that no passage existed south of latitude 65^, and that 
it must be sought north of Icy Cape. 

In 1789 Sir Alexander Mackenzie, a member of the Northwest Trading Com- 
pany, descended to the mouth of the great river which bears his name. In its delta he 



aHearne, Samuel, A J<nim«y fn>m Hndnon's Bay to the Northem Ooean. Dublin, 1796, p. KW. Set* al«<) Barrow'H 
An;tic Regions, p. 300. 

bCook'H Voyage to the Pacific Ocean, 8 volx., Ix)Ti<lon, 1785, vol. 2, pp. 446-465. 
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located Whale Island, so named by him from the large number of white whales 
observed at this point. He also made observalioiis on the tide of the Arctic Ocean. 
His descriptions and locations of channels were later found by Sir John Franklin to 
be very complete and accurate. 

In the year 1815 Lieutenant von Kotzebue,* of the Rassian Navy, penetrated 
Bering Strait and explored the sound which bears his name, together with the north- 
west region as far north as Cape Lisburne. After this time we have no record of 
this part of the coast until the voyage of Captain Beechey, who explored the larger 
part of the entire Arctic coast in the years 1825-1828. 

In 1826, under the auspices of the Earl of Bathurst, Sir John Franklin descended 
the Mackenzie to its mouth and surveyed the coast line to the west as far as Return 
Reef, near longitude 149^ W. Acting in conjunction with Franklin, Captain Beechey, 
of the Blossom^ had entered Bering Strait and sent a boat expedition in charge of 
Master Thomas Elson, which in the same year explored the coast as far north as 
Point Barrow, the north westernmost point of the American continent.* The explora- 
tion of the intervening distance, consisting of 160 miles of coast line, between the 
points reached by Beechey and Franklin on the west and east, respectively, was sub- 
sequently completed, and the north coast of the continent was outlined about ten 
years later, in 1837, by Dease and Simpson, by whom many of the natural features 
along this section of the coast were named. 

In his westward advance beyond the mouth of the Mackenzie, Franklin was the 
first to round the great chain of the northern Rocky Mountains, consisting here, as 
he perceived from the coast, of several parallel ranges. These are the Richardson, 
Buckland, British, Romanzoff, and Franklin mountains. According to Dease and 
Simpson the portion of the Rocky Mountains visible from the coast does not termi- 
nate, as conjectured by Franklin, in the Romanzoff chain, but after a brief interval 
the Romanzoff Mountains are succeeded on the west by another chain, less lofty but 
equally picturesque, which was named by Dease and Simpson the Franklin Moun- 
tains. These mountains present a precipitous front to the coast. 

In the days of these earlier discoverers the above-named parallel ranges, rising 
from 2,000 to 3,000 feet, were apparently supposed to be the final termination of the 
Rocky Mountains extending northward from the United States and British Columbia. 
The great extension of the main axis to the west along the sixty-eighth parallel and 
its development into a range nearly 100 miles in breadth and 6,000 feet high were 
unknown. Not until the performance of the work forming the basis of this report 
was a correct idea of this obtained. 

At the same time that Franklin was conducting his discoveries westward along 
the coast, a detachment of his party proceeded from the mouth of the Mackenzie 



aDall, W. H., Alaska and its Resources, London and Boston, 1870, pp. 329-330. 
fr Voyage of Captain Beechey to the Pacifle and Behring's Straits, London, 1886. 



PREVIOUS EXPL0RATI0N8. 27 

eastward, connecting their explorations with those previously made by him near the 
mouth of Coppermine River. 

In the meantime, the Russians, having obtained a foothold in Bering Sea and on 
the coast to the south, pushed up the Kwikpak, or lower Yukon, which Malakoflf,^ a 
Creole, explored in 1838 as far north as Nulato, below the mouth of the Koyukuk, 
where he built a small post for the purpose of trading with the natives. In 1842 
Lieut. A. Zagoskin, of the Russian Imperial Navy, explored the Koyukuk for 60 
miles or more above its mouth, but explorations on the upper Koyukuk were not 
made until some time after much of Yukon River had been ascended and explored. 

While the above explorations were being conducted along the coast during the 
first half of the century, in the interior the pioneers of the Hudson Bay Company, 
representing the English, pushed still farther northwestward from their remote out- 
posts on the Mackenzie into regions then unknown, in quest of new fields in 
which to ply their fur trade. Liard and Dease rivers were explored, and in 
1842 Robert Campbell descended the Pelly to its confluence with the Lewes, where 
Fort Selkirk was subsequently established in 1849. Also in 1842 J. Bell* crossed 
the divide from the Peel River drainage into that of the Porcupine, and in 1847 
McMurray descended the Porcupine to its mouth and founded Fort Yukon, on the 
banks of the river of this name, under the Arctic Circle, whence trade was opened 
with the natives. Not until two years later, however, when Campbell descended the 
Yukon from Fort Selkirk, was it learned that the two posts were on the same stream. 
The river was not ascended to this point from the western coast, however, until 1863, 
when the trip was made by Ivan Simonson Lukeen, an employee of the Russian 
American Company, and the Yukon of the English and the Kwikpak of the Russians 
were found to be identical. Not until then was it fully realized that the Yukon 
flowed into Bering Sea instead of northward into the Arctic Ocean by way of the 
Colville, as had been supposed, and as was represented on the maps of our school 
geographies until and even subsequent to that time. 

In 1849 Lieutenant Pullen, of H. M. S. Herald^ made a boat voyage from Bering 
Strait to the Mackenzie, and in 1850 the boats of the Plxmer^ starting from Cape Lis- 
burne, reached Bailey Island, in longitude 127°. In 1850-1854 Commander Captain 
McClure, of H. M. S. Investigator^ proceeded from Bering Strait to Banks Island 
and Lancaster Strait, where the crew finally abandoned the ship in the ice, and b}^ 
walking over the ice to Beechey Island discovered and made the northwest passage. 
Also, in 1850 and 1855, Capt. R. Collinson, of the Enterprise^ sailed from Bering 
Strait to near King William Island, in Victoria Strait, whence, being short of coal, 
he retraced his course to Bering Strait. In 1852-53 the Pli>ver^ in conunand of Cap- 



aDall, W. H., Alaska and ita Rc?sourccs, London and Boston, 1870, p. 48. 

frSpurr, J. £., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, 
p. KM. 
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tain Maguire, wintered at Point Barrow, in Moores Harbor, whence members of the 
expedition made journeys southwestward to Tasiak River and eastward along the 
coast to Return Reef, in longitude 150^, Maguire himself going as far as Smith 
Bay. 

In the autumn of 1860 Robert Kennicott,* crossing from the Mackenzie, arrived 
at Fort Yukon, and in the spring of 1861 descended the Yukon as far as Small 
Houses. 

In 1865 J. T. Dyer and R. D. Cotter,* in connection with the Western Union 
Telegraph expedition, are reported to have made a very creditable exploration of the 
country between Norton Bay and the mouth of Koyukuk River, on the Yukon. 

In 1866 Ketchum and Laberge, explorers for the Western Union Telegraph 
expedition, ascended the Yukon to Fort Yukon with Lukeen, and later, in 1867, con- 
tinued their investigations up the river as far as Fort Selkirk. 

In 1867 Dr. W. H. Dall, at first in connection with the Western Union Telegraph 
expedition and later at his own expense, in descending the Yukon, visited the Koyu- 
kuk. Though DalPs work was necessarily of a pioneer character, his contributions 
to our knowledge of the interior of Alaska were very important, as they gave the 
first clue to the geology of the Yukon Basin. 

Astronomic observations made at Nulato by Capt. C. W. Raymond, who ascended 
the Yukon in 1869, materially aided in more accurately locating the mouth of the 
Koyukuk, also the position of the upper Koyukuk, which until recently rested 
largely upon the astronomic determinations subsequently made by him in the same 
year at Fort Yukon. 

The first whaler is reported to have entered the Arctic Ocean in 1848, and since 
then whaling has there been an important industry. 

From 1881 to 1883 a signal service station, in charge of Lieut. P. H. Ray, of 
the United States Army, was maintained at Point Barrow, which was one of the 
polar magnetic stations located by international agreement. The report of this 
expedition and station gives statistics and valuable tables containing results of 
meteorologic, astronomic, magnetic, zoologic, ethnologic, geographic, and some 
marine observations. In making inland explorations, a part of the upper course of 
Meade River was mapped and the Meade River Mountains were discovered. 

In 1884: additional valuable information on northwest Alaska, including the 
Kowak River region, was gathered on the cruise of the Corimn, by Capt. M. A. Healey 
and officers of the United States Revenue Service. Their work was subsequently 
continued by various other revenue cutters, some of which have visited the northwest 
coast of Alaska almost every year. Of these visits the most notable is probably that 
of the U. S. revenue cutter Bear^ which sent out the winter overland expedition of 

a SmithiK>nian Reports, 1861, pp. 39-40; 1864, p. 417. 

t> Dall, W. H., Alaska and its Resources. T/)ndon and Boston, 1870, p. 277. 
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Lieutenant Jarvis and Drs. Call and Lopp to Point Barrow, for the relief of the 
whalers in the Arctic Ocean. These investigations, including the explorations of 
Kowak River, by Lieut. J. C. Cantwell, and of the Noatak, by Asst. Engineer 
S. B. McLanigan, of the Corwin^ were continued in 1885. 

In 1885 Lieut. H. T. Allen, of the United States Army, leaving the Yukon by way 
of the Tozikakat route, reached the Koyukuk near the Arctic Circle and ascended it 
to near the sixty-seventh parallel. In the same year a detachment of Lieutenant 
Stoney's expedition crossed from his camp on the Kowak to the lower Koyukuk by 
way of the Dakli. 

During the winter and spring of 1886 further explorations were made on the 
Arctic slope by Lieut. W. C. Howard,^ who, on a trip that was productive of 
important results, crossed from Stoney's camp on the Kowak to the head of the 
Colville, Chipp (Ikpikpuk) River, and thence by way of the head of Dease Inlet 
to Point Barrow. Howard's trip showed that a low pass leads through the moun- 
tains from the Kowak to the Noatak; that another leads from the Noatak to the 
upper waters of the Colville, and that on the upper Colville in the region of 
longitude 156° W. the mountains are succeeded on the north by an undulating 
country, in which the river has a winding course, with steep banks. Farther north- 
ward, down Chipp (Ikpikpuk) River toward the coast, the undulating country is 
reported to give way to a ''dead level waste of tundra." 

To the east, Mr. R. G. McConnell, of the Canadian geological survey, descended 
the Mackenzie in 1888 on geologic reconnaissance work as far as the mouth of Peel 
River, near the sixty-eighth parallel, whence he crossed by way of the Porcupine 
to the Yukon. 

In 1889 Mr. I. C. Russell, who as geologist accompanied the Alaskan-Northwest 
Territory boundary survey parties sent out by the United States Coast and Geodetic 
Survey, ascended the Yukon from its mouth to its source, and soon after published 
valuable geologic and geographic notes on his observations made along the route. 

In 1890 the Arctic coast opposite Herschel Island was visited by Mr. J. H. Tur- 
ner, of the United States Coast and Geodetic Survey, in connection with the inter- 
national boundary survey between the Canadian Northwest Territory and Alaska. 
On this trip Mr. Turner made a geographic reconnaissance from the Porcupine 
across the Davidson Range, following the one hundred and forty-first meridian, 
which resulted in a material contribution to our knowledge of the mountains and 
country in this region. 

In 1892-1894 Mr. Frank Russell, under the auspices of the Iowa State Univer- 
sity, descended the Mackenzie, principally to make ornithologic and ethnologic . 
investigations.* 

aStoney, Lieut. George M., NevhI Explorations in Alaska, U. 8. Naval Institute, Annapolis, Md., 1900. 
fr Russell, Frank, Explorations in the Far North, published by the University of Iowa. 1898. 
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In 1896 extensive geographic and especially geologic contributions were made 
to our knowledge of the Yukon Basin by a United States Geological Survey party 
in charge of Mr. J. E. Spurr,^ who descended the river and mapped the gold- and 
coal-producing districts. 

Owing to the extended interest taken in Alaska by reason of the Klondike dis- 
coveries, during the years 1897 and 1898 the Koyukuk* was visited by 1,200 or more 
prospectors, miners, and adventurers, many of whom ascended the river by steam- 
boat nearly to the Arctic Circle. Some of these subsequently explored and pros- 
pected various tributaries as far up as latitude 67° 30'. Many spent the winter of 
1898-99 here. During approximately the same period, 1897-98, some of the pros- 
pectors who had ascended the Kowak crossed the divide to the northeast and reached 
the Koyukuk by way of the Alatna. • 

In 1899 a United States Geological Survey party ,^ conducting a reconnaissance 
traverse from Fort Yukon to Nulato, ascended Chandlar River, and, crossing 
from its headwaters, mapped the Koyukuk from near the head of its middle fork, 
near the sixty-eighth parallel, to the mouth of the river at the Yukon. 

During the summer of 1900 a party of prospectors crossed the divide between the 
head of the Koyukuk and the Arctic drainage by way of Dietrich River and descended 
the Arctic slope along the one hundred and fiftieth meridian to a point probably a 
little north of the sixty-ninth parallel. From a personal interview with members 
of this party the writer infers that the country is passable by pack train. It is, 
however, mountainous and is reported to contain some glaciers of considerable 
size, but these are probably valley glaciers only. To the east of this the country 
has been traversed by deserters from whaling vessels at Herschel Island, who made 
their way in a destitute condition from the coast to the Yukon by way of Chand- 
lar River. From accounts given by some of these men in a personal interview, the 
writer obtained the impression that this part of the region is largely a waste of rug- 
ged mountains, containing some glaciers, which are probably confined to the heads of 
the valleys. 

During the season of 1901 a geologic reconnaissance survey was also made from 
Fort Hamlin, on the Yukon, by way of Dall, Koyukuk, Alatna, and Kowak 
rivers, to Kotzebue Sound by a party in charge of Mr. W. C. Mendenhall.** 

During the years 1901 to 1903 the region lying between the Colville Basin 
and the international boundary was visited, it is reported, by S. J. Marsh and 
T. G. Carter, two prospectors who landed at Camden Bay in the fall of 1901, and. 



aSpurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 8, 1898. 

*»8chrader, F. C, Preliminary report on a reconnaissance along the Chandlar and Koyukuk rivers, Alaska: Twenty- 
first Ann. Rept. U. S. Geol. Survey, pt. 2, 1900, p. 458. 

cOp. cit. 

dMendenhall, W. C, Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska: Prof. Paper U. S. Geol. Survey 
No. 10, 1902. 



32 RECONNAISSANCE IN NORTHEBN ALASKA IN 1901. 

1821. KoizsBUB, Lieutenant Otto yon. A voyage of disco very into the South Sea and Bering 

Straits, ♦ * ♦ 1815-1818. 3 vols. VoL I, pp. 187-240. London. 8*». xvi, 358, 442, 

433 pp., 7 maps, 7 pi. 
1828. Franklin, Sir John. Narrative of a second expedition to the shores of the polar sea in the 

years 1825, 1826, and 1827. Philadelphia. 8«*. 318 pp., 1 map. 
1831. Bkbchby, F. W. Narrative of the voyage of the Blos»om to the Pacific Ocean and Bering 

Straits. London. 
1836. Bebghey, F. W. Voyage of Captain Beechey to the Pacific and Behring's Straits, 1825-1828. 

London. 
1843. Simpson, Thomas. Narrative of the discoveries of the north coast of America effected by the 

ofiicers of the Hudson's Bay Company during the years 1836-1839. London. 8®. xix, 419 

pp., 2 maps. 
1848. MooRB, Commander T. E. L. General proceedings of Commander T. E. L. Moore, of H. M. S. 

PloveTy through Bering Straits and toward Mackenzie Kiver, 1848-49. British Blue Books. 

London. 
1850. Shillinolaw, John J. Narrative of Arctic discovery from the earliest period up to the present 

time. London. 
1854. McClurb, Robert. Cruise of the InvesUgcUor, by Captain McQure. Blue Books, Accounts, and 

papers. Navy. Vol. 42. 
1854. British Blue Books. Arctic expeditions, 1854-56. Vol. 35. 
1857. Armstrong, Alexander, M. D., R. N. A personal narrative of the discovery of the northwest 

passage. ♦ * ♦ London. 8**. xxxii, 616 pp., 1 pi., 1 map. 
1861. Kbnnicott, Robert. Exploration of the Hudson's Bay territory. In Smithsonian report, 1861, 

pp. 59-60. 8°. 
1861. Richardson, Sir John. The polar r^ons. Edinbui^gh. 8^. ix, 400 pp., 1 map, 1 pi. 
1864. KiRBY, W. W. A journey to the Youcan, Russian America. In Smithsonian report, 1861. pp. 

416-420. 8*». 

1868. Dall, W. H. Explorations in Russian America. American Journal of Science, 2d ser., vol. 45, 

pp. 96-99. 8^ 

1869. Whymper, Frbdbrick. Travel and adventure in the Territory of Alaska. ♦ ♦ ♦ New York. 

8°. xvix, 353 pp., 1 map, 16 pi. German edition: Alaska. Reisen und Erlebnisse in hohen 
Nordeu. Translated by Dr. Friedrich Stager. Braunschweig, 1869. 8®. 1 map, 16 pi. 

1870. Dall, William U. Alaska and its resources. London and Boston. 8°. xii, 628 pp., 13 pi. 

1871. Raymond, Capt Charles W. Report of a reconnaissance of the Yukon River, Alaska Territory, 

July to September, 1869. By Capt. Charles W. Raymond, Corps of Engineers, U. S. Army. 
Senate, Executive documents. No. 12. 42d Congress, 1st session. 8**. 112 pp. 

1883. Cruise of the revenue st«amer Corwin in Alaska and the northwest Arctic Oceai> in 1881. Notes 

and memoranda: Medical and anthropological, botanical, ornithological. Washington. 4^. 
120 pp., 13 pi. 

1884. Hooper, Capt. C. L. Report of the cruise of the U. S. revenue steamer Thomas Corwin in the 

Arctic Ocean, 1881. Washington. 4°. 147 pp., 16 pi. 

1885. Ray, Lieut. P. H. Report of the international polar expedition to Point Barrow, Alaska, 1881- 

1883. Executive documents, No. 44, House of Representatives, Forty-eighth Congress, 
second session. 4°. 695 pp., 22 pL, 2 maps. 

1886. Turner, L. M. Contributions Uj the natural history of Alaska. Results of investigations made 

chiefly in the Yukon district and the Aleutian Islands; conducted under the auspices of the 
Signal Service, United States Army, extending from May, 1874, to August, 1881. Washington, 
4°. 226 pp., 26 pi. 

1886. Bancroft, Hubert Howe. History of Alaska, 1730-1885. The works of Hubert Howe Bancroft. 

Vol. 33. San Francisco. 8°. 775 pp., 1 map. 

1887. Healey, Capt. M. A. Report of the cruise of the revenue steamer Conmn in the Arctic Ocean 

in the year 1885. Washington. 4°. 102 pp., 42 pi., 3 maps. 
1887. Allen, Lieut. Henry T. Report of an expedition to the Copper, Tanana, and Koyukuk rivers, 

in the Territory of Alaska, in the year 1885. Washington. 8°. 172 pp., 29 pi., 5 maps. 
1889. Healev, Capt. M. A. Report of the cruise of the revenue marine steamer Conuin in the Arctic 

Ocean in the year 1884. Washin>rton. 4°. 128 pp., 40 pi. 



POPULATION AND CONDITIONS. 33 

1890. McCoNNELL, R. G. Report on an exploration in the Yukon and Mackenzie basins, N. W. T. 
(ieol()}?ical and Natural History Survey of Canada. Report 1888-89. New series 4. Mon- 
treal. 8°. 145 pp. 

1890. Russell, Israel Cook. Notes on the surface geology of Alaska. Geological Society of 

America, Bull. I, pp. 99-162. 

1891. RiT^ELL, Israel Cook. An expedition to Mount St. Elias, Alaska. National (Teographic 

Magazine, vol. 3, pp. 53-204, 12 pi., 7 maps. 8°. 

1892. Report of the superintendent of the U. S. Coast and Geodetic Survey, fiscal year ending June, 

1891. Part 1. Division of Alaska, pp. 82-96. Washington. 4°. 
1892. Dall, William Healey, and IIarrls, (Jilbert Dennison. Correlation pai)ers. Neocene. Bull. 

U. S. Geol. Survey No. 84. Washington. 8°. Alaska, pp. 232-268, 1 map. 
1894. Knowltox, F. H. A review of the fossil flora of Alaska, with descriptions of new si^ecies, 

Proc. U. S. Nat. Mus., vol. 17, pp. 207-240. 1 pi. (No. 998.) Wa.'^hington. 8°. 
1898. Sri'RR, J. E. Geology of the Yukon gold district, Alaska. Eighteenth Ann. Rept. U. S. Geol. 

Survey, 1896-97, pt*. 3. Washington. 8°. pp. 87-392, 8 [>1., 14 maps. 

1898. Russell, Frank. Explorations in the iar North. Being a report of an expe<lition under the 

auspices of the University of Iowa during the years 1892, 1893, and 1894. Published by the 
univernity. 8°. vii, 290 pp., 22 pi., 1 map. 

1899. Report of the cniLse of the U. S. revenue cutter Bear and the overland expedition for the relief 

of the whalers in the Arctic Ocean from Noveml>er 27, 1897, to September 13, 1898. Wash- 
ington. 8°. 144 pp., 60 pi., 1 map. 

1900. Sc'hrader, Frank Charles. Preliminary report on a reconnaissance along the Chandlar and 

Koyukuk rivers, Alaska, in 1899. Twenty-first Ann. Rept. U. S. Geol. Survey, 1899-1900, 

pt.'2. Washington. 8°. pp. 441-486, 9 pi., 1 map. 
1900. Stoney, Lieut George M., U. S. Navy. Naval explorations in Alaska. U. S. Naval Institute, 

Annapolis, Md. viii, 105 pp., 7 pi., 3 maps. 
1902. Mendenhall, Walter Curran. Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, 

by way of Dall, Kanuti, Allen, and Kowak rivers. Prof. Paper U. S. Geol. Survey No. 10. 

Washington. 4°. 68 pp., 6 pi., 4 maps. 

POPUIi^VTIOI^ XSD COI^DITIOI^S. 

ON THE KOYUKUK. . 

Nativefi, — So far as can bo judged, there are about 100 native inhabitants on the 
upper Koyukuk. The United States census for 1900 places the population of Peavey 
village, near the South Fork of the Koyukuk, at 35. The settlements of the Koyukuk 
natives, each consisting usually of a few cabins and tents, are sparsely scattered along 
the river from below the Arctic Circle to the sixty-seventh pamllel of latitude. They 
are generally located at the mouth of some tributar}^ stream, as in the case of Alatna 
River, Pickarts Creek, and Kanuti River. Their village at Bettles, which is larger 
than most others, forms an exception to the above rule, and exemplifies the disposi- 
tion of the natives to remain near a tmding post and the abode of white men. 

At the post the natives are frequently employed by the whites for boating, sledding, 
and other work, for which service they receive provisions and clothing, which, added 
to what they get of gjime and fish, make up their living. They take but little interest 
in prospecting or mining. Apart from the partial sustenance they procure at the 
post, their chief source of food and clothing is the wild Alaskan reindeer or caribou, 
bear, salmon, whitefish, ra})bits, grouse, and ptarmigan. 
189— No. 20—04 3 
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The Koyukuk country is also visited by the Kowak natives from the northwest, 
a more hardy and industrious race than the Koyukuks. 

Whites, — After the exodus of the thousand or more inexperienced adventurers 
who in the Klondike rush reached the upper Koyukuk in the fall of 1898, wintered 
there, and disappeared from the country almost with the ice when navigation opened 
in the following spring, about a hundred sturdy men, mostly prospectors and miners 
who had arived with the influx the preceding fall, remained. Stimulated by the dis- 
covery of placer gold, they continued to prospect and began to mine some during the 
summer and engaged to some extent in development work during the following 
winter. In the meantime, especially in the months of February and March, 1900, as 
the reports of the presence of gold became authenticated, many people from various 
camps along the Yukon were attracted thither. This materially increased the mining 
activity of the district, which in a general way has continued to the present time; so 
that in 1901-2 about 200 white people, mostly miners and prospectors, wintered 
there, and at present^ (1903-4) they number about 350, the most of whom are pros- 
pecting or doing development work about the mines. Besides the people who winter 
there, many others reside there during the summer only, while working their claims. 
Since the discovery of gold the wage for the district has teen $12 a day. Ground 
that will not yield this amount or more is not worked. Board is $6 a day. 

Transportation and means of travel, — Since 1900 there have been two supply 
posts* in the country, Bergman and Bettles, both operated by the Northern Com- 
mercial (>)mpany, successor to the well-known Alaska Commercial Company. Of 
these posts, the lower and usually the best stocked is Bergman, at the head of 
steaml)oat navigation, near the. Arctic Circle, and about 450 miles above the mouth 
of Koyukuk River. At high water, however, in both spring and fall, steamboats 
ascend with freight to Bettles, near the sixty-seventh parallel, about 80 miles above 
Bergman. From Bettles, which has become the leading distributing point for the 
countr3% the supplies are conveyed to the various mining camps, about 75 miles 
farther up the river, by rowboat during the open season, or, preferably, by dog 
sled in the winter. The country is also reached by pack train from the Yukon in 
summer, by way of Chandlar River from Fort Yukon and by way of Dall River 
from near Fort Hamlin, the distance in each case being about 150 miles. Pack 
horses have been used to some extent during the last few summers, both for 
packing and for working at the mines, but the heavy snowfall renders the horse unfit 
for winter use. A shorter route than either of the above, leaving the Yukon at a 
point about midway between the Dall and the Chandlar and about 100 miles from 
C'Oldfoot direct, is now ])eing investigated. 



«» Infornifttion on pn'seiit (1903) ii)!uiltion8 in the district has been contributo<l by Mr. L. M. Prindle, a member of the 
Survey, to whom it was rt»cently fnniisheil by miners en route from there to the States. 
^ Besides these, the company keeps a branch post at Coldfoot. 
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The principal post-office is at Settles, but mail is also distributed from Bergman 
and from Coldfoot, at the mouth of Slate Creek. The judiciary of the district, con- 
sisting of United States commissioner, probate judge, coroner, and recorder, is 
located at Slate Creek, near the center of the mining region. Since early in 1901 
these offices have been held by Judge D. A. Mackenzie, a former citizen of Seattle, 
and one of the pioneers of the Koyukuk country. 

The placers. — The gold placers arc shallow deposits, well suited for development 
by men of moderate means, who are able and willing to work. No one, however, 
should go to this country intending to mine without tjiking with him a year's supplies, 
commonl}^ known as a ''grub stake," or its money equivalent, about $1,000. The 
mining period is confined to about 2^ months in summer. 

The placers now being worked extend over a large area, but occur chiefly on 
the middle drainages of the Middle and North forks of Koyukuk River, where they 
embrace a score or more creeks with their tributary gulches, some of which have 
been discovered recently. The gold is coarse. The yield of the district to date, as 
shown on page 102, is about $717,000. 

ON THE ARCTIC COAST. 

Natives, — With the exception of about a dozen white persons at Cape Smyth, 
near Point Barrow, and some at Point Hope, the bleak Arctic coast of northern 
Alaska is inhabited only by the Eskimo. From the international boundary to Point 
Hope, through a distance of 800 miles, the native population aggregates about 1,500 
persons. Their settlements are far apart. The principal ones are those of Point 
Hope, Cape Smyth, Nuwuk at Point Barrow, Nigaluk at the mouth of the Colville, and 
Barter Island about 150 miles farther east. There is also a settlement at Herschel 
Island, east of the international boundary, and one in the Mackenzie River delta. 
There is yearly communication between all these points. The census of 1900 credits 
Point Hope village with a native population of 314, and the settlement of Cape 
Smyth, probably including Nuwuk," with a population of 623. That of Nigaluk, at 
the mouth of the Colville, also probably amounts to about 200. There are also smaller 
settlements or single huts at points along the coast, as at Wainwright Inlet and Icy 
Cape, which are occupied in winter })ut generally vacated in summer. 

The principal food supply contributed by the sea is derived from the whale, 
walrus, seal, polar bear, and some small fish. Salmon, herring, smelt, and other 
small fish are found in the inlets and rivers. During the summer season there are 
large numbers of geese and ducks. The principal land quadrupeds are Alaskan 
wild reindeer or caribou, brown and black bear, wolverine, marten, wolf, hare, lynx, 

« Nuwuk, meaning in Eskimo " the point," is the name of the native village on Point Barrow proper, while the main 
settlement of the white people, where are the trading post, mission, and post-office Barrow, Is 9 miles southwest of Point 
Barrow, at Cape Smyth, to which the name Point Barrow is generally though somewhat incorrectly applied. 
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fox, beaver, muskrat, and lemming. Of these, the most important for food and 
clothing, and fortunately the most abundant, is the caribou, whose migrations the 
natives follow. Berries and roots are also used for food by the natives. 

As the coast region is destitute of timber, affording only a few dwarfed willows 
at distant points along the rivers and inlets, the principal fuel of the natives is drift- 
wood, most of which has been discharged into the ocean by the larger arctic rivers, 
whose headwaters lie in forested regions. This is fairly well distributed along 
the coast, but is not so abundant as often supposed. 

The Alaskan Eskimos, so far as seen by the writer, are not the dwarfed race of 
people they are often depicted. The men will probably average nearly 5i feet in 
height and 160 pounds in weight. They are generally fobust, muscular, and active, 
inclining rather to angularity than to corpulence. The face may be described as flat, 
broad, and rounded, with high cheek bones. The eyes are brown or dark and the 
hair is black. As a people they are relatively intelligent and industrious and appear 
to be reasonably honest and moral. They are hospitable, good-humored, and cheerful, 
apparently free from care, and generally patient and tactful in manner. Their feel- 
ings have been described as lively but not lasting, and their temper is frequently 
quick but placable. The conjugal and parental affection is strong. Though thankful 
for favors, their gratitude is of short duration. 

Owing to its mixture with that of representatives of other races who reach the 
arctic regions, principally on whaling vessels, the blood of the Alaskan Eskimo is 
rapidly losing its purity. Children of pure Eskimo blood are reported to be very few. 

Whites. — There are at present about a dozen white persons living atPoint Barrow. 
There is a mission school here at present, in charge of Doctor and Mrs. Call. A 
trading post, maintained here by the Cape Smyth Whaling and Trading Company 
for purposes of trade with the natives and whalers, is now in charge of Charles 
Brauer. The keepers of the post engage to some degree in whaling, in which they 
employ the natives. Early in April the whaling parties proceed by dog sled 10 or 
more miles out over the ice to the open sea, where they pursue their calling in open 
skin boats. 

Point Barrow is almost annually visited by vessels of the United States Revenue 
Service and b}^ various whaling vessels. Ten of the latter are reported to have called 
there during the summer of 1901. Whaling in this part of the Arctic Ocean has 
been carried on with varying success by several companies during the last half 
century, but is now reported to be on the decline. The pursuit is hazardous, as the 
vessels are often caught in the ice pack. 

In 1901 effort was being made by a Japanese to establish a small trading post at 
the mouth of Staines River, near the one hundred and forty -sixth meridian. 
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Transportatwii and means of travel, — Ti-ansportation and travel in this barren 
region is principally by native skin boats along the coast and streams during the 
short open summer, and by dog sled over the snow and ice in winter; though the 
north coast Eskimos sometimes make trips into the interior from the mouth of 
Chipp (Ikpikpuk) River southward to the head of Colville, Noatak, and Kowak 
rivers. Their knowledge of the country in general is not definite beyond a distance 
of 40 or 50 miles from the coast. 

The native skin boats, or umiaks, are usually made of walrus skin. Being light, 
flat-bottomed, and responsive to sail, they are admirabi}^ adapted for use in the 
shallow waters of the deltas and tidal mud flats so characteristic of the Arctic coast, 
and for small craft are ver}^ seaworthy. 

TABIiE OF DISTANCES. 

The following table, prepared b}- Mr. Peters, is here inserted to afford an idea 
of approximate distances along the route of travel. 

DUtanci'8 up John River. 

Mouth of John River 

Fool Creek 51 

Hunt Fork 92 

Rocky Gorge 106 

Anaktuvuk Pass 120 

Cache Lake 1 25 

Distances domi Anaktuvuk and Colville rivers. 

Cache Lake 

Canyon 43 

Small grove Balm of Gilead 54 

Ice field 63 

Two native huts 101. 5 

Mouth of Anaktuvuk River 114 

Rapid « 117 

Rapid « 1 1 9. 5 

Rapid « 121 

Sentinel Hill 140 

Rapida 143 

Rapid« 147 

Rapid o 1 57 

Ocean Point 164 

Head of delta 192. 5 

Arctic Ocean 212 

aThese nipi Is arc short stretches of the river, riinninsr about C or 7 miles an hour, with no rough water. 
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Distances along coast from ColvUle River to Cape Smyth, 

Middle channel of Colville River 

West channel 17 

CapeHalket. 67 

Pitt Point 90 

Simpson Cape 137 

Tangent Peak 189 

Point Barrow 198 

Cape Smyth 207 

GEOGRAPHY. 

LOCATION AND GENERAL FEATURES. 

The region here considered, as shown on the outline map, PL I, lies in northern 
Alaska, mainly in its middle part. The area covered by the detailed maps (Pis. II 
and III) trends in a nearly northward direction from the sixty-sixth parallel of 
latitude approximately along the one hundred and fifty-second meridian to about the 
seventy-first parallel at the Arctic coast, a distance of about 400 miles. The maps 
are based entirely on observations made during the present exploration along 
Koyukuk, John, Anaktuvuk, and Colville rivers, except that to these have been 
added some notes of observations made by Mr. T. G. Gerdine and the writer in 
the Koyukuk district in 1899. 

Geographically the region consists of three well-marked provinces — the moun- 
tain or middle, the Koyukuk or southern, and the Arctic slope or northern. 

Orographically the mountain range, forming the middle province, is regarded 
as a northwestern continuation of the Rocky Mountain system of the United States, 
which, extending northwestward through Canada nearly to the Arctic Ocean, bends 
abruptly to the west beyond the Arctic Circle and trends nearly westward across 
northern Alaska, forming the great trans- Alaskan watershed between the Yukon 
Basin on the south and the Arctic Ocean on the north. In its northward and finally 
westward course the range forms a prominent feature of the ''concentric" orography 
of Alaska, and embraces in its southward-facing curve the great basin of the Yukon 
and the well-known, but not always well-defined, Yukon Plateau. 

From its character and relation to the range, it seems probable that the genth^ 
rolling plain bordering the mountains on the north and sloping gently to the Arctic 
Ocean may be physiographically correlated with the Great Plains in western United 
States, while the basin of the Yukon corresponds to the great Interior Basin of 
the West, lying between the Rocky Mountains and the Coast Range. 

In their trend across Alaska the mountains agree with those in the Canadian 
territory adjacent to the east, which extend nearly to Mackenzie River. In the 
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region north of the mountains, both in Canadian territory and in Alaska, the valleys 
trend northward toward the Arctic coast, while those on the south trend southwest- 
ward toward the Yukon. 

Considering the country more in detail, we may note that the line of profile 
extending through the region as a whole, in a north-south direction (see PI. 11), 
beginning on the south, at the sixty-sixth parallel, traverses for the first 120 miles of 
its course an undulating country whose low, rounded hills attain elevations of from 
1,000 to 3,000 feet. It then crosses a rugged range of mountains 100 miles wide and 
about 6,000 feet high, whence it descends steeply to the elevation of 2,500 feet at the 
inland edge of a gently northward-sloping plateau or rolling plains country (PL IV). 
It then traverses this rolling plain for 80 miles, and thence passes for about 80 miles 
through a nearly flat, tundra country or coastal plain to the Arctic coast. 

To facilitate description each province will be treated separately. 

MOUNTAIN PROVINCE. 

The most striking is the middle or mountain province, which, as noted, consists 
of an inland range of rugged mountains trending east and west across the field 
between latitudes 67^ 10' and 68^ 25', as shown on the topographic map, PI. II. 
These mountains here have a width of about 100 miles and an average elevation of 
about 6,000 feet. 

It is unfortunate that the term Alaskan has already been applied to a local 
range lying south of the Yukon, as that name w^ould seem to be the most fitting term 
by which to designate this portion of the great Rocky Mountain system, w^hich here 
extends east and west entirely across the northern part of the Territory. That these 
mountains are regarded as a northwestward continuation of the Rock}- Mountain 
system has been noted, and the term Rocky Mountjiins has been broadly applied to 
them on the map. 

That portion of the main mnge lying between the international boundary and 
Mackenzie River has been called the Davidson Mountains, while to the several 
small groups on the north, between the main range and the coast, and extending from 
the one hundred and thirty-eighth to the one hundred and forty-eighth meridians, 
the names Richardson, Buckland, British, Romanzott', and Franklin have been applied. 
They are all probably more or less closely connected with the main range, from 
the northern side of whose great bend to the southwest between Mackenzie River 
and Colville River they seem to branch. So far as known they trend in a general 
northwestward direction, but have a somewhat imbricated relationship, each group 
tending to overlap the inland part of the one next to the west. They seem to rep- 
• resent the northward dying out of the range near the Arctic coast. If the}' are con- 
sidered a part of the range in the region of the one hundred and forty-seventh 
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meridian, they give to it a breadth of about 210 miles. In elevation these groups 
lie generally between 2,000 and 4,000 feet, while the height of the 
main range near the international boundary is from 5,000 to 7,000 
feet. From this point, with but slight if any decrease in elevation, the 
range continues westward to the one hundred and fifty-third meridian, 
beyond which, in the region at the head of Colville and Noatak rivers, 
it diminishes in height, and seems to divide into two parts or ranges. 
Of these, the northern range, continuing westward, terminates in the 
low mountains and abrupt sea cliffs of Paleozoic rocks at Cape 
Lisburne (see PI. V and fig. 1), while the southern forms the divide 
g between Noatak and Kowak rivers. 

I 

*2 ENDICOTT MOUNTAINS. 

2 GENERAL FEATURES. 

o 

fl It is probably to the range between Noatak and Kowak rivers, 

I as seen from Lookout Mountain, on the Koyukuk, that Allen in 1885 

« gave the name Endicott Mountains. Though the name appears on 

p Allen's map,* and is referred to in the text of his report, it is not 

I known to have come into use or to have appeared on any of the 

numerous succeeding Alaskan maps. Allen refers to the mountains 
g of this region as comparatively low, and says the highest are the 
^ Endicott Mountains, between Koyukuk and Kowak rivers, which, 

1 extending northward, were siipposed to contain the headwaters of 
g Colville River. The highest peaks were estimated at 4,000 feet. As 
fl printed on Allen's map, however, the term is given a broader signifi- 
1 cance, applying to practically the entire portion of the range embracing 
I the headwaters of the Koyukuk and the sources of the drainage ways 
m which flow in an opposite direction into the Arctic Ocean, between the 

I i one hundred and forty-fifth and one hundred and fifty-fourth meridians. 
^ As the term embraces and seems fittingly to apply to all that part of 
the range considered in this report, it will here be retained, and the 
mountains will be referred to in this report as the Endicott Mountains. 
Where crossed by the Geological Survey party the range lies 
between the rolling, hilly country of the Koyukuk Basin on the south 
and a very gently undulating plateau country on the north. On the 
south the rise from the rolling country to the mountains is by foothills, 
but rapid. On the north the mountains break off abruptly, much as 
they do along the edge of the Great Plains in western United States. 



a Allen, Lieut. H. T.. ReconnaiaBance in Alaska, 1«85, \Va«hin^fton, Govornment Printing Office, 1887. 
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Pronounced faulting and uplift are evidenced by marked deformation of the strata 
and in some places by fault scarps miles in extent. 

The comparatively regular southern edge of the range trends approximately east 
and west, in latitude 67° 10', while the northern edge, where it was crossed, in the 
region of Anaktuvuk River, latitude about 68° 25', presents a concave front to the 
north, as shown on the maps (Pis. II and III). This crescentic feature is repeated by 
several low concentric ridges in the Anaktuvuk Plateau to the north. These seem to 
have been formed by a part of the same orographic uplift as the main range, for 
they lie parallel with its front and grow weaker and finally die out northward with 
increase of distance from the seat of maximum uplift. 

West of the Anaktuvuk the crescentic front of the range soon gives way to 
a more nearly westward trend, bearing in the direction of Cape Lisburne. To the 
east of the Anaktuvuk, however, the curv^ed front continues in a northeasterly and 
finally north-northeasterly direction, so that in about latitude 70° and longitude 147° 
it reaches a point within 35 miles of the coast, where it merges with the Franklin 
Mountains, one of the northern groups previously noted. From this point eastward 
to Mackenzie River the northern edge of the mountains continues near the coast. 

Along the one hundred and fifty -second meridian the range is somewhat higher 
in the northern than in the southern part, and contains two distinct orographic axes, 
the surface of the northern having an elevation of a little more than 6,000 feet, and 
that of the southern somewhat more than 5,000 feet. Between these axes there is a 
slight depression, where the surface has apparently l^een somewhat more rapidly 
reduced by erosion in soft rocks. This is notably true on the west side of John 
River, somewhat north of the middle of the range, where in the region of the sixty- 
eighth parallel and the one hundred and fifty -third meridian the country between the 
head of Hunt Fork, which flows southeastward into John River, and the head of the 
Colville on the northwest, probably does not exceed 5,000 feet in elevation. 

The topography of the range varies, depending on the character and structure of 
the rock formations. That of the Fickett series, composed of phyllites, slates, 
quartzites, and conglomerates, is characterized by sharper crests and peaks than the 
limestone areas, whose ridges, being broader and more rounded, are often studded 
by knobs and bordered by steep cliffs, with extensive slopes of heavy talus at their 
foot. 

Though marked cliffs and precipices occur, the side slopes of the valleys, as shown 
in PI. VI, A^ can generally be ascended without difficulty. They are moss covered 
to within about 2, 000 feet of the top of the mountains, where steeper slopes of barren 
rock and talus begin. Exceptions occur in the faulted Paleozoics in the northern 
side of the range, at the head of th(i Anaktuvuk, where some scarps rise abruptly to 
a height of several thousand feet above the valley. 
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ANCIENT PLATEAU FEATURE OP ENDICOTT MOUNTAINS. 

Where best observed on this reconnaissance, principally on John and Anaktuvnk 
rivers, a view across the top of the range presents the general appearance of an 
ancient plateau or peneplain from which, by deep dissection, the mountains have 
been carved. The former surface of the plateau is evidenced b}^ numerous closely 
crowded peaks, rising generally to an elevation of 6,000 feet, yvhere they present an 
even sky line, as shown in PL VII, A and B. For this plateau feature of the range 
the name Endicott Plateau is proposed. About 4,000 feet below this level lie the 
floors of the main valleys, at an elevation of about 2,000 feet; and the open Anaktuvuk 
Pass, near the northern edge of the mnge, between John and Anaktuvuk rivers, is 
at an altitude of scarcely 2,500 feet. 

Since for geologic purposes the accompanying geologic section (see section 
on PL ni) is confined to the line of traverse along the valleys, where the elevation 
has been much reduced by erosion, the profile of the section does not express the pla- 
teau character of the range. This feature is probably best shown in the illustrations 
forming PL VII, which are reproduced from photographs taken on the upper part 
of John River, near the top of the I'ange, at an elevation of about 6,000 feet. 

It seems to the writer not improbable that, as our knowledge of the physical 
geogmphy of Alaska becomes more complete, it will be found that the Endicott 
Plateau, including its extension to the east, possibly beyond the Davidson Moun- 
tains, may be correlated with the Chugach Plateau, a similarly dissected plateau 
surface, which is observed in the westward continuation of the St. Elias Range, at 
an elevation of about 6,000 feet.** 

The interstream areas, which in general rise to the surface of the Endicott Plat<»au, 
are rarely flat topped, but consist of a network of peaks connected by irregular and 
often shai'p-crested ridges. Only occasionally does an isolated peak rise a little 
above the general level of the plateau. None that could be observed are monadnocks. 

The relation of the Endicott Plateau to the supposed Yukon and Koyukuk 
plateau features, to be considered later, is diagrammatically illustrated in fig. 2 (p. 44). 
So far as known, no rocks younger than Lower Carboniferous have been found in 
the Endicott Plateau. But as it seems not improbable that Upper Carboniferous 
and possibly even Lower Mesozoic ro(;ks may be present in the Fickett series, it 
does not seem safe to suggest for the plateau an age earlier than Mesozoic. It seems 
undoubtedly older than the supposed Yukon Plateau, which in turn is considerably 
older than the Koyukuk Plateau, as the latter lies at a much lower level and is com- 
posed of rocks which are in part Cretaceous, and some possibly younger. 



aSchrader, F.C.,ft"<l Spencer, A. C, Geology and Mineral Resources of a Portion of the Coppi*r River District, Alaska; 
a special publication of the U.S.Geol. Survey, 1901. 

Sec also Schrader, F. C, A reconnaissance of a part of Prince William Sound and the Copper River district, Alaska: 
Twentieth Ann. Rept U. S. Qeol. Survey, pt. 7, 1900, p. 376. 
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Since the Yukon Plateau, as to whose age there is slight diiference of opinion, 
has been shown by Dawson,'^ Spurr,^ and other writers to be due to Eocene or 
early Neocene erosion, if the present writer is correct in his supposition concern- 
ing the representation of this plateau feature in this northern field, the interrela- 
tions of the several features here make it obvious that the Endicott Plateau, which 
is certainly post -Lower Carboniferous, must be at least pre-Neocene and is probably 
considerably older, and that the Koyukuk Plateau is at least post-Eocene and possibly^ 
considerably younger. 

DRAINAGE. 

In the portion of the range crossed by the Survey party the drainage is 
principally southward into the Koyukuk. The master stream is John River, 
which rises near the northern edge of the range. The main di-ainage ways are 
therefore transverse, extending across the strike and trend of the rocks, as well as 
across the trend of the range. The small tributaries, being nearly always controlled 
by rock structure, flow in general along the strike and enter the master stream at 
right angles, producing a rectangular drainage system. 

Though John River Valley is intramontane and contains some canyons, it is 
broad and in general open. A portion of it, near the middle part of the range, 
seems to lie in a syncline in the Fickett series, trending a little east of south. The 
valley probably averages about li miles in width, from base to base of the mountains. 
Portions, however, are much wider and contain flats, through which the river freely 
describes great ])ends from side to side. The present stream channel has apparently 
been sunk into several older valley floors, as is shown by the bed-rock benches along 
the sides of the valley. Of these benches the most pronounced occur at heights of 
1,700 feet, 600 feet, and about 100 feet above the present stream, and seem to mark 
stages of comparative rest in the progress of orographic uplift. It is probable that 
the 600-foot bench may be coiTelated with the benching noted on the Koyukuk, in 
the region of Red Alountain.*^ 

At the h(*ad of John River, benches sloping northward against the present drain- 
age seem to denote that a considerable area lying at the head of this stream formerly 
drained northward, through the Anaktuvuk and the C\)lville, into the Arctic Ocean, 
instead of southward, through the Koyukuk and the Yukon, to Bering Sea, as at 
present. 

The bed-rock benching and the topogniph}' of the lower side slopes of the valle}^ 
are frequently found to have been materially modified by ice action, which has 



"Dftwson, G. M., The physii^gmphical geology of the Rooky Mountain region in Canada: Trans. Royal Soc. Canada, 
vol. 3, 1890, see. 1, pp. 1-74. 

bSpurr, J. E., (ieology of the Yukon gold di8tri(;t, Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, 
pp. 251-'2t>i\ 

oSchrader, F. ('.. Preliminary report on a reeonnaissance along the Chandlar and Koyukuk rivers, Alaska, in 1899: 
Twenty-first Ann. Rept U. S. Gcol. Sur\'ey, pt. 2. 1900, p. 4C8. 
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eroded the rocks and brought down deposits of gravel and drift, as shown in PL 
VI, B. Such deposits, however, rarely attain a thickness of more than 100 feet. 

The John River sj^stem, just described, is believed to be a fair type oi the other 
adjacent drainage systems of the mountains, such as Hokotena River or Wild Creek 
and North Fork, which trend parallel to it and also flow south into the Koyukuk. 

KOYUKUK PROVINCE. 
GENERAL FEATURES. 

This province, extending from the southern base of the mountains 120 miles 
southwestward to the limit of the map at the sixty-sixth parallel, lies mainly in the 
northwestern part of the large basin of the Koyukuk, which forms the northwestern 
part of the Yukon Basin. « It consists mainly of a rolling or hilly country of known 
and supposed Mesozoic rocks, whose hills rise to elevations of from 1,000 to 3,000 
feet, while the main valley floors lie at approximately 600 feet. 

The general accordance in height of the hills and ridges of this province at two 
diflferent levels strongly suggests that the present topography has been carved from two 
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Fig. 2.— Diagrammatic profile showing relations of Endicott, Yukon, and Koynkuk plateaus. 

former plateau features (see fig. 2). Though, for need of further investigation, this 
question can not be discussed in detail in this place, it may be noted that of these two 
features the lower level, at about 1,200 feet, is relatively distinct and well marked, 
and represents the general elevation of the land mass over the larger part of this 
portion of the Koyukuk Basin, as may be seen on the map (PL II). For it the name 
Koyukuk Plateau is suggested. 

The higher level, which also suggests a former plateau now dissected and largely 
removed by erosion, lies at about 3,000 feet, but it is indefinite. Its best expression 
occurs along the base of the mountains, where portions of nearly flat-topped ridges, 
rising gently northward, soon merge into the foothills of the mountains, while to the 
south they become lost in irregular ridges and hills, descending to the lower or 
Koyukuk Plateau. This higher level, where formerly observed, at an elevation of 
from 2,600 to 3,000 feet, to the east, on Chandlar and upper Koyukuk rivers, 
near the sixty-seventh parallel, was supposed to represent the Yukon Plateau,* but 

a For a more complete description of the Koyukuk Basin the reader is referred to Preliminary report on a reconnais- 
sance along the Chandlar and Koyukuk rivers, Alaska, in 1899: Twenty-first Ann. Rept. V. S. Geol. Survey, pt. 2, 1900, 
p. 467. See, also. Recent work of the United States Geological Survey: Bull. Am. Geog. Soc, vol. 34, No. 1, Feb.. 1902. 

ftSchrader, F. C, Preliminary report on a reconnaissance along the Chandlar and Koyukuk rivers, Alaska, in 1899: 
Twenty-first Ann. Rept. U. S. Geol. Survey, pt 2, 1900, p. 99. 
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owing to its feeble development to the northwest and to its remoteness from the 
known Yukon Plateau feature, the present work, though it yields supporting 
evidence, has not gone far towaid conKrming this supposition. 

DRAINAGE. 

The drainage of this province, which is separated from that of the Arctic slope 
by the above-described mountain range, is southwestward. The master stream is 
the Koyukuk, which flows into the Yukon. It is navigable for some distance above 
Bettles, to near the sixty-seventh parallel. Next in size are elohn and Alatna rivers, 
tributaries to the Koyukuk from the north, and South Fork from the south, all of 
which at high water may be ascended by steamboat for 20 to 30 miles above their 
mouths. Other prominent tributaries are Hokotena River or Wild Creek and Alashuk 
River from the north and Kanuti River from the south. 

All the above streams, as shown on the map, meander over their broad, flat 
valley floors, which vary from 1 to 10 or more miles in width. On the lower and 
middle portion of the Koyukuk the flats attain a v^ery much greater width, being, in 
a measure, comparable with the Yukon Flats. To this portion the name Koyukuk 
Flats ^ has been applied. 

ARCTIC SLOPE PROVINCE. 

This province, beginning at the north base of the Endicott Mountains, in latitude 
68^ 25', extends 160 miles northward to the Arctic coast. From the Anaktuvuk and 
Colville it appears to extend eastward to the foot of the mountains, 70 to 80 miles 
distant, while on the west it is inferred to probably extend to the Arctic coast, 
between Point Barrow and Cape Lisburne, a distance of about 400 miles. It is mainly 
with the eastern portion of the province that we shall here have to deal. This 
portion embraces almost the whole of the Colville Basin, and consists primarily of 
two distinct features, plateau and coastal plain. For the former feature the name 
Anaktuvuk Plateau is proposed. 

ANAKTUVUK PLATEAU. 

Beginning at the north base of the Endicott Range, at an elevation of 2,500 feet, 
as shown on the left in PI. IV, vl, this gently rolling plateau or plains country, com- 
posed of Mesozoic rocks, extends with gentle slope northward for a distiince of 80 
miles, to latitude 61)^ 25', where, at an elevation of 800 feet, begins the nearly flat 
coastal plain next to be described. In the Anaktuvuk Valley a still more gentle 
aspect is given to the topography of the Mesozoic rocks by the glacial drift. 

The most prominent features of this plateau are a few low% broad ridges, which 
lie parallel to or concentric with the curved front of the mountain range, and the 
shallow drainage valleys (see PI. IV, A), trending north and south. These ridges 

nSchnider. F. C, Preliminary report on a reconnaissance along the Chandlar and Koyukuk rivers, Alaska, in 1899: 
Twenty-first Ann. Kept. U. S. Geol. Survey, pt. 2, 1900, p. 468. 
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present the concavity of their curve to the north, and, as suggested, appear to owe 
their origin to a part of the same uplift that formed the more abrupt 
front of the main range. They seem to be persistent features between 
the Colville and the head of Chipp (Ikpikpuk) River, where they trend 
a little north of west. Farther west they presumably merge into the 
Meade River Mountains, at the head of Meade River, in latitude 69^ 20', 
and probably continue still farther westward to the Arctic Ocean, where 
much the same type of topography, also cut in Mesozoic rocks, appears 
in the region north of Cape Beaufort. 

Where traversed by the Survey party, the most pronounced of 
these ridges occurs about 20 miles north of the mountains. It is low, 
broad, and somewhat rounded. Its highest points rise only 500 to 600 
feet above the general plateau level, or about 1,200 feet above the bed 
of Anaktuvuk River. A sectional profile of this ridge, sketched from 
a point a few miles above it, on the Anaktuvuk, is presented in fig. 3. 

ARCTIC COASTAL PLAIN. 

In latitude approximatel}^ 69^ 26', at a distance of 80 miles from the 
mountains, and at an elevation of about 800 feet, the northern edge 
of the above-described Anaktuvuk Plateau gives way to a nearly flat 
tundra country or coastal plain, which from this point extends about 80 
miles northward to the Arctic coast, and descends in this distance prac- 
tically to sea level, with slope so gentle as to be inappreciable to the 
naked eye. For this feature, by reason of its geographic position, the 
name Arctic Coastal Plain is here proposed. This plain is practically 
constructional. The flat surface of its large interstream areas is dotted 
here and there by extremely shallow ponds and lakelets, which in most 
instances are without outlet and present no suggestion of the develop- 
ment of any system of drainage. Along the west side of the Colville the 
eroded edge of this part of the plain forms continuous steep bluflfs, 
which gradually decrease in height northward, from 2(M) feet at the 
mouth of the Anaktuvuk to about 80 feet at Ocean Point, 40 miles 
distant. The few rivers that traverse the plain flow with considerable 
velocity in its inland portion, but toward the coast they become 
sluggish. 

DRAINAGE. 
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COLVILLE RIVER. 



The drainage of this Arctic slope province is essentially north » 
ward, into the Arctic Ocean. The master stream is Colville River. 
The Colville lias a drainage basin of about 30,000 square miles. It rises in the 
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A. TOPOGRAPHY OF JOHN RIVER VALLEY IN ENDICOTT MOUNTAINS. 
From near south edge of Fickett series; looking S. 60° E., into Skagit formation. 




B. GLACIATED SIDE SLOPES OF JOHN RIVER VALLEY IN ENDICOTT MOUNTAINS. 

Looking N. 1 5° E. 
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northern part of the Endicott Mountains, near the sixty -eighth parallel and the one 
hundred and fifty-third meridian, whence it soon makes a large detour to the west 
and back, and then, in flowing northward to the ocean, tniverses lM)th the Anaktuvuk 
Plateau and the coasttil plain. Practically all its tributaries of any imporbince are 
received from the right, or southeast. The chief of these — theNinuluk, Anaktuvuk, 
and Itvelik — head in the mountains. 

In the inland part of the coastal plain, at the mouth of the Anaktuvuk, as shown 
by continuous bluflfs, the Colville has sunk its bed to a depth of 20U feet (see PI. VIII), 
and at Ocean Point, 40 miles farther north, where it permanontl}" leaves the bluffs, to 
a depth of 80 feet below^ the surface of the plain. In this downcutting, from a point 
above the mouth of the Anaktuvuk to the coast, the Colville has migrated laterally 
westward, into the termnes composing the i)lain, to such an extent that, while its left 
or western shore is for the most part lined by steep-faced bluffs, rising from 80 to 
200 feet above the stream to the level of the plain, into which it is still cutting, on 
the right or east it is bordered by an expansive waste of low abandoned flats, laid 
wast-e by the river, for which the name Colville Flats is proposed. 

These flats occupy a triangular area of probably 2,CK)0 square miles, extending 
from the mouth of the Anaktuvuk as the apex northeastward to the coast, where, 
including the Colville delta, they attain a maximum width of probably 60 or 60 
miles. They are dotted by numerous shallow ponds and lakelets. The monotony of 
their almost dead level is occasionally relieved by low mounds of gravel, rising 10 to 
40 feet above the surface. In fact, from near the mouth of the Anaktuvuk the 
Colville seems formerly to have flowed more directl}^ northeastward through the 
area now occupied by the flats and entered the ocean through Gwydyr Bay, from 30 
to 40 miles east of its present delbi, if not Prudhoe Bay, still farther eastward, at 
the base of Return Reef, as shown by the broken lines on the map forming PI. III. 

At the head of the Colville delt^i, where the edges of these flats form the stream 
banks, their surface lies about 10 feet above the river. Here they are composed 
chiefly of dark nuid, muck, and ground ice, while at certain localities farther inland 
the banks give way to stretches of gravel beach sloping gently to the water's 
edge. 

The Colville delta at present has a radius of a})out 15 miles and a width across 
the front of about 20 miles. It is composed of low islands, which coastward gradu- 
ally pass into marshes, mud flats, bars, and expansive shallows, which are continuous 
with the very gradually d(»ei)ening sea floor. Near the head of the delta sand dunes 
have been formed on some of the islands to a height of <>0 or more feet. As the 
''Pelly ^lountjiins" of Dease and Simpson, represented on their map to the west of 
the Colville dc^ltji, do not exist, it seems probable that tlu* features which these men 
mistook for mountains were merely low sand dunes, similar to those above referred 
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to. This view is strengthened by the fact that under certain conditions of light along 
the coast low objects become, b}^ refraction, enormously exaggerated in vertical scale. 
Colville River has formerly been described as having four mouths, but it prob- 
ably has five or six. The westernmost is said to be shallow, but the second from the 
west is navigable and is used by the natives in ascending and descending the river on 
the west. Whether any of these channels will admit river steamboats was not learned. 
If so, it must be the right or most easterly channel, which seems to be the main 
one. Once across the delta, judging from its gradient and volume, the river can 
probably be ascended by steamboat for a distance of 150 or more miles above its 
mouth. McClure, in crossing Harrison Bay in 1850, found the freshening influence 
of the Colville to extend 12 to 14 miles seaward, the surface of the water being of a 
dirty mud color and scarcely salt. 

ANAKTUVUK RIVER. 

Next to the Colville, the principal stream of this province is Anaktuvuk 
River, the large southeast tributary of the Colville, which, rising in the northern 
part of the mountains, flows almost directly northward across the Anaktuvuk Plateau 
and joins the Colville at the inland edge of the coastal plain. At about 30 miles 
from the mountains the Anaktuvuk is joined on the east by Willow Creek, a stream 
equal to itself in size. 

Above Willow Creek, owing to the swiftness of the current and frequent riffles 
formed by large bowlders that beset the bed of the stream, the Anaktuvuk can 
hardl}" be regarded as navigable at ordinary water for canoe or rowboat. In the 
upper section of the river, the valley, as shown in PI. IV, A, is shallow and open, 
with no bluffs or banks to speak of. The tundra extends almost to the water's edge. 

Below Willow Creek the floor of the valley consists of a gravel- or bowlder- 
covered flat, a mile or more in width, along the edges of which the gentle, moss- 
covered side slopes are occasional!}^ interrupted by low bluffs rising from 20 to 100 
feet above the river. Willow Creek and Nanushuk River both seem to head in the 
mountains to the southeast of the edge of the plateau, while Tuluga River, on 
the west, apparently takes its rise on the plateau, near its middle part. 

COAST LINE. 

From Coh)Uh River to Point Barrmn, — The northern Arctic coast of Alaska, 
from the mouth of the Mackenzie to Point Barrow, trends a little north of west. It 
is low and flat, the actual shore line being formed by a low shelving beach (PI. IX, A)^ 
whose seaward extension forms the shallow sea floor. From east of the Colville 
westward to Point Barrow the surface of the tundra often descends to or within a 
few feet of tide level, so that the same gentle slope seems to be continued in the very 
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gradually deepening sea floor. The greatest height of the bluffs is about 30 feet. 
The drainage ways are consequently broad and very shallow. 

The coast line is comparatively regular, though not nearly so uniform as repre- 
sented by the early explorers Dease and Simpson. It is more or less broadly sinuous 
or wavy, its first striking uniformity being broken by occasional lagoons, shallow 
embayments, and inlets; but in comparison with the coast of southern Alaska, for 
example, in can not be called indented. Some of the embayments mark the mouths 
of rivers, but most of the larger ones seem to occur independent of inland drainage. 
The deepest, and perhaps the only one to which the term indentation will strictly 
apply, is Dease Inlet, at the head of which is situated Admiralty Bay, which receives 
the Chipp (Ikpikpuk) River. The principal streams entering the sea between 
the Colville and Point Barrow are Grarry, Smith, Sinclair, Chipp (Ikpikpuk), and 
Meade rivers. These rivers, however, could not all be visited by the party in its 
rapid progress along the coast. So far as known, they in general have wide mud-flat 
deltas, much the same as the Colville, which pass seaward into shallows, merging 
with the shallow coastal shelf of the sea. 

It is judged that the coastal shelf extends far offshore, with a slope probably 
even less than that of the nearly level subaerial coastal plain. Captain McClure 
found the soundings so exceedingly regular that during the foggiest weather the 
vessel could stand inshore with the most perfect confidence in 3i fathoms of water, 
and the Investigator is reported to have passed the mouth of the Colville 40 miles out 
to sea in 3i fathoms. The range of tides on this portion of the Arctic coast is very 
small, being only 2 or 3 feet. 

Point Barrow, the northern extremity of this low coast and of the American 
continent, is a low spit of gravel and sand, projecting to the northeast, in latitude 
71^ 23', longitude 156^ 40'. It is 4 miles in length and about one-fourth mile in width, 
but expands at the end, where it rises to a height of 16 feet and sends out a long, 
narrow ridge, which extends east-southeastward for a distance of more than 2 miles. 
This ridge finally gives way to a line of sandy islets, inclosing a shallow body of 
water of considerable extent, named Elson Bay, after the discoverer of Point Barrow. 

From Point BaiTOio to Cape Lishume and hey and. — The trend of the coast line 
changes from northwest to southwest at Point Barrow and thence extends about 300 
miles southwestward to Cape Lisburne. It continues compamtively straight and 
regular, but it is not so low as on the north. It soon loses the almost featureless 
edge which is characteristic of the flat coastal plain on the north, and gi*adually comes 
to exhibit low, but seldom rock-faced, bluffs, rising 30 or 40, rarely 70, feet above 
tide. Back from the shore a very gently rolling surface rises very gradually toward 
the interior, but no highlands or mountains can be seen. Seaward the bluffs over- 
look immense stretches of brackish lagoons, from one to several miles in width, which 
189— No. 20—04 4 
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rather persistently line the coast. These lagoons are screened from the force of the 
open sea by broad wave-built barrier reefs and beaches of sand and gravel, through 
which occasional narrow channels, cut by the ebb and flow of the tide, connect with 
the outer water. On portions of the coast not thus protected, during a northwest 
gale the mouths of the smaller valleys become entirely clogged and the streams them- 
selves are then dammed back by the broad beach barriers thrown up by the violent 
surf. In the rear of these barriers the lower reaches of the valleys then become 
temporaril}^ converted into broad lakelets, whose surface may rise 5 or 6 feet above 
normal tide level; but with the abatement of the storm a new drainage channel is 
opened through the beach and the lake disappears. 

Near Cape Beaufort, latitude 69° 16', the above-described low topographic relief 
gives way to a range of hills or low, rolling mountains, which, sweeping a little south 
of west, appear at the coast with an elevation of 800 to 1,000 feet. They are sup- 
posed by the writer to represent the westward continuation of the Meade River 
Mountains, already referred to. Farther southwest they seem to merge into the 
somewhat more pronounced and rugged mountains of Cape Lisburne, which, as 
noted, are supposed to represent the westward continuation of the northei'n axis of 
the Endicott Range, noted at the head of the Anaktuvuk, in longitude 162°. 

Here these mountains, as noted, terminate at the coast in abrupt sea cliffs, form- 
ing the bold promontory of Cape Lisburne, which rises to a height of 860 feet above 
tide. From Cape Lisburne the mountains, with decreased altitudes, continue south- 
westward in several successive parallel ridges, trending at about right angles to the 
coast. The shore line, however, is here less abrupt, as shown in fig. 1 (p. 40). 

About 30 miles south of Cape Lisburne the shore extends out nearly 15 miles to 
the west in an immense tongue of low, sandy land, known as Point Hope, which is 
backed by bluffs at its inland end. 

From Point Hope southeastward to Cape Krusenstern, at the entrance to Kot- 
zebue Sound, the coast is reported to be low and somewhat rocky, with intervals of 
lagoons and wave-built barrier reefs, somewhat resembling those already described; 
but in latitude 67° 36', opposite the great bend of the Noatak, low mountains, known 
as the Mulgrave Hills, again approach the coast. 

The streams entering the coast on the northwest are nearly all short. The prin- 
cipal, beginning at the north, are Kee, Kukpowruk, Pitmegea, and Kukpuk rivers. 

GEOLOGY. 

GEOLOGIC MAP AND SECTIONS. 

The results of the very incomplete observations concerning the distribution 
of the geologic formations here treated of are represented on the accompanying 
g<^>ologic map (PI. Ill), the colored portion of which, comprising an area of about 
27,000 square miles, lies mainly between the* one hundred and fiftieth and one 
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A. ARCTIC COAST AND EDGE OF MOSS-COVERED ARCTIC COASTAL PLAIN. 
From west of Coiviile River; looking S. 45° E. 




h. SKAGIT LIMESTONE ON JOHN RIVER IN ENDICOTT MOUNTAINS. 
Looking S. 65° E. 
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hundred and fifty -fifth degrees of longitude. As the line of traverse 
extends in a north-south direction across the trend of the terranes, 
which has been found to be relatively constant, especiall}^ in the moun- 
tains, the boundaries delimiting the various formations on the north and p 
on the south, along the line of the section, are approximately correct T 
and in some instances are well defined. In an east-w^cst direction some I 
liberties have been taken in making such broad generalizations as l* 
seemed permissible from the regularit}^ of the terranes in the mountains § 
and their relations and lithologic resemblance to those previously | 
mapped to the east. I 

The boundaries of the post-Paleozoic formations of the Arctic a 

slope, approximately determined on paleontologic and lithologic § 

evidence along the route of traverse, have been extended eastward § 

and westward on topographic evidence and on observ^ations and » 

collections made by the writer in returning southward along the i 

coast from Point Barrow to Cape Lisburne. & 

At the north base of the mountains, where the profile, descend- §* 

ing from the mountains, passes from the upturned Devonian onto I 

o 

Pleistocene till, which farther north is found resting on Lower Creta- ^ 

ceous, a belt several miles wide has been left blank, in view of the I 

possible occurrence of Carboniferous and Lower Mesozoic rocks 2 

between the Devonian and the Cretaceous; arid similar contact gaps J 
have been left in other parts of the section. On topogmphic grounds, 

however, it seems probable that the Mesozoic and Carboniferous 33 

formations are absent at the above point on the Anaktuvuk, having o 

been removed by erosion, and that the inland edge of the Lower | 

Cretaceous or Jura-Cretaceous may rest directly on the Devonian, § 
as indicated in fig. 4. Areas away from the route traversed, where 
the geology is unknown, are also left blank; while, on the other hand, 

geneml geologic information and the probable occurrence of certain 8 ^| 

formations are represented by notes printed in red. East of the | I J 

geologically colored portion of the map the notes applying to the ^ ^ | 

region lying north of the Arctic Circle are based on the work of the *| * | 

writer in a previous year,'' while those to the south of the Circle, on s J ? 
the west, and along Alatna and Kowak rivers in the region of the 5^^ ^ 

sixty-seventh parallel are by Mr. W. C. Mendenhall, geologist in charge j| 

of the Kowak expedition, whose work* has just been published. % 

aSchrader, F. C, Roconnaijwance along the Chaiullar and Koyukuk rivers, Alaska: Twenty-first Ann. Kept. U. S. 
Geol. Survey, pt. 2, 1900, p. 448. 

(> Mendenhall, W. C, Reconnaissance from Fort Hamlin to Kotzcbue Sound, Alaska: Prof. Paper U. S. Geol. Survey 
No. 10. 1902. 
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A profile and geologic section appearing on PL III, drawn on the same scale 
as the map, illustrate the structural features and relations of the various rock 
formations. It extends from the southern edge of the map at A (PI. Ill) to 
the foot of the CoMUe delta and the Arctic coast at J. In order to show the 
structure in the Tertiary coastal plain and to represent the flats and delta near sea 
level at the north, the scale of the section has been verticall}^ exaggerated 5:1 as 
compared with the horizontal scale, and in order to represent more accurately the 
relations of the rocks as actually observed the section follows the somewhat zigzag 
line of traverse. Where it traverses the rocks diagonally, as in the northern 
edge of the Fickett series, compensation has been made therefor by reducing the 
dips of the rocks in the section. As the line of traverse follows the valleys, where 
the topography has been reduced by erosion, the profile rarely rises to the normal 
height of the adjacent land mass. Consequently the peneplain feature of the Endicott 
Mountain summits is not expressed by the profile. From studies thus far made of 
the section it promises to be of far-reaching importance, not only in deciphering the 
geology of Alaska, but also in making correlations with Asiatic stratigraphy. 

Near the northern edge of the range, as shown on the map, the section ti-averses 
the mountains to the east of the Anaktuvuk Valley, but as the rocks have here been 
disturbed by folding and faulting, a supplementary short profile section (fig. 4), show- 
ing the rocks as they appear on the west side of the valley, has been introduced. It 
extends from the Lower Carboniferous at Contact Creek on John River a distance 
of about 25 miles northeastward across the Devonian, along the north side of 
Anaktuvuk Pass, to the Cretaceous of the Anaktuvuk Plateau on the west of 
Anaktuvuk River. The base of this section represents approximately the elevation of 
the floor of the Anaktuvuk Valley and that of the pass, which is about 2,500 feet. 
The mountains rise to about 5,500 feet. Besides the faulting shown between the 
Devonian and the Lower Carboniferous on the south, and in the Devonian itself 
toward the north, the section supposes the Lower Cretaceous to be resting uncon- 
f ormably on the upturned and eroded Devonian. 

OUTLINE OF GEOLOGIC HISTORY. 

The rocks composing the section here considered, extending geographically from 
the sixty -sixth parallel to the Arctic coast, a distance of nearly 400 miles, comprise 
representatives of most of the geologic ages ranging from Silurian to Recent, as 
shown in the accompanying table. 
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Table op Geologic Formations. 
Sedimentary rocks. 



Pleistocene . 



Tertiary (Ck)lville series) . 



f Pliocene. 



Recent stream gravels, dune sands, mud flats, silts, 
beach gravels, Gubik sand, ground ice, and gla- 
cial drift. 

Nearly horizontally stratified, fine-grained calcare- 
ous silts. 



Iqi. (Sand, clay, shale, soft sandstone and limestone 

I u igoce e J ^.j^j^ lignites, hard ferruginous sandstone, and 



Mesozoic 



Paleozoic . 



conglomerate, 
oft sandstone, limestone, shale, and coal. 



Upper Cretaceous ( Nan- 
ushuk series). 

^'^*f«^^^P ^^^" ^Sandstone, slate, grit, conglomerate, and coal, 
man series )» \ 

Lower Cretaceous (Ko- llmpure limestone, sandstone, slate, and associated 

yukuk series). I igneous rocks. 

Lower Cretaceous (An- 1 Principally impure sandstone or arkose, with some 

aktuvuk series) . f conglomerate or grit. 

Jura -Cretaceous (Cor- 1 Sandstone, impure limestone, shale, and bitumi- 

win series). / nous coal. 

Lower Carboniferous IPhyllites, slate, limestone, sandstone, quartzite, 

(Fickett series). f grit, and conglomerate. 

^ maSS^''^""'^''''" JLimestone and shale. 
^'^\TVtie*n''senC)^^^^^ JMica-schists and quartz-mica-schists. 
^^^ationl^"" ^^^^'^ }Schistose and micaceous limestone. 
^JTlst'liw^^riS*" p^l<^°^«^t«» quartzite, slate, and shale. 

Igneous rocks. 

Post-Silurian dike (?) rocks, associated with the Skajit formation. 

Cretaceous and post-Cretaceous dike rocks, associated with the Koyukuk series. 

The oldest rocks encountered in the field consist of several metamorphic series. 
They are principally of sedimentary origin, and have acquired their present character 
largely by processes of mountain building, which, broadly speaking, seem to have 
been in progress intermittently since Middle Paleozoic time, and are probably still 
going on. 

These metamorphic rocks are exposed only in the mountainous portion of the 
field. The different series are here designated by the names Skajit, Totsen, Stuver, 
Lisburne, and Fickett. Though the Totsen series is mainly sedimentary, it includes 
also some greenstone-schists of igneous origin, which appear to be old basaltic flows, 
but may be intrusives. 

With probably a single exception, igneous rocks were not observed with any of 
the other metamorphic series. This exception was on John River, near the middle 
of the Skajit formation, at a point about midway between camps of June 23 and 
June 24. Here, in the face of the upper part of a cliff which rises steeply to a height 
of 2,000 feet above the edge of the stream, as seen from the opposite side of the 
river, looking northeast, but which, owing to difficulty of access and lack of time 
was not visited, the limestone is cut by what appears to be two classes of dikes (but 
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which may possibly be veins), one dark and the other light. These supposed dikes 
are thin, and they are 3'ounger than the schistosity of the country rock. The dark 
ones are the older, and cut the rock for the most part obliquely to the schistosity or 
bedding, which they slightly exceed in dip, the dip being to the north, at an angle of 
about 45^. The light dikes cut the rocks at nearly right angles to the dark dikes 
and dip south at an angle of about 80^, and seem to follow fault planes or fissures 
that were manifestly produced subsequent to the intrusion of the dark dikes. 

The above division of the rocks is based largely on paleontologic evidence. But 
the Totsen series, in which no fossils were found, is assigned to a low place in the 
geologic scale by reason of its crystalline character or high degree of metamorphism 
and the known relatively low stratigraphic position in which similar rocks occur in 
adjacent regions. The Stuver series, in which likewise no fossils were found, is 
regarded as among the older rocks by reason of its field relations to the overlying 
Devonian. 

After the deposition of the oldest Paleozoic sediments occurring in the present 
southern axis of the main range, this part of the region seems to have been uplifted 
and subjected to dynamic action and metamorphism, following which a portion of 
the field probably remained above sea during the whole or a part of the period 
in which the Devonian sediments were being laid down in the region now occupied 
by the northern axis. During this period of deposition, which possibly extended 
into early Mesozoic, the later Paleozoic sediments, including apparently the Car- 
boniferous, seem to have been deposited unconformably against the older rocks 
of the southern axis. This period was followed by stress, uplift, and the exertion 
of mountain-building forces, resulting in folding, metamorphism, and deformation 
of the strata. 

Then followed a long pause, during which the reduction of the land area by 
subaerial erosion nearly to sea level gave rise to the peneplain or formerly nearly 
level surface of the Endicott Plateau. This base-leveling was, in turn, followed by 
elevation of the region, whence upward movement seems to have continued more or 
less intermittently down to the present time. Uplift was accompanied by vigorous 
dissection of the plateau, from which the Endicott Mountains, as we find them 
to-day, seem manifestly to have been carved. 

Contemporaneous with this uplift and dissection the sediments eroded from the 
range were borne to the sea and deposited as new terranes on both the north and 
the south side of the mountains. These later deposits range in age from Middle 
Mesozoic to recent. Though throughout this period the Endicott Plateau seems to 
have stood above the sea, the region was subjected to somewhat pronounced changes 
of level and disturlmnoe, as is evidenced by deformation and unconformities e intend- 
ing from Middle Mesozoic to Pleistocene. 
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The later of these disturbances is that suggasted by the vigorous cutting of the 
left or west bank of Colville River into high bluffs (PI. VIII), while the east bank 
consists only of the edge of an expansive waste of low flats abandoned by the river in 
its lateral migration during its down cutting. This shifting or lateral migration of 
the river was evidently brought about by a tilt, which is apparently more than a local 
disturbance, for other examples indicate that there has been a general tilt throughout 
northern Alaska, which has caused and is still causing the larger rivers, notably the 
Yukon, the Porcupine, the Koyukuk, the Kowak, the Colville, and the Anaktuvuk, 
to cut their western banks. ^ This differential upward movement of the region proba- 
bly extends eastward to the international boundary or farther, and, judging from the 
latei-al migration of the Colville into the Pleistocene as well as the Tertiary and 
Mesozoic terranes, it took place, in part at least, in the Pleistocene, and is probably 
still in progress. 

During Lower Cretaceous time, deposition on the south of the range, in what is 
now the Koyukuk Basin, was apparently accompanied by igneous extrusions and 
followed by intrusions, which latter continued into post-Cretaceous time,* while the 
range itself and the Arctic slope, so far as observed along the route of traverse, are 
relatively free from igneous rocks. It was supposed by the writer that the northeast- 
southwest trend of the Koyukuk Valley, from the Yukon to the sixty-eighth 
parallel, probably represented in a general way a line of weakness in the earth's 
crust, along which igneous phenomena are especially manifest. More recent work, 
however, along Kanuti and Kowak ^ rivers and on Kotzebue Sound, shows that the 
igneous rocks are distributed over a much wider area in this northern country than 
in that occupied by the Koyukuk Valley. 

SEDIMENTARY ROCK FORMATIONS. 
PALEOZOIC ROCKS. 

STRUCTITRE. 

Beginning with apparently the oldest, the several formations or rock series will 
be briefly described. As the field is new and the investigations have not been detailed, 
the formation names introduced are proposed provisionally. 

To afford a more comprehensive view of the relations of the several series and 
to avoid repetition in referring to them individually, it will be well to note at the outset 
some features of structure which are common to nearly all the Paleozoic rocks, and 
which apply to the range as a whole, namely, that the series all strike approximately 



a The fact that the Yukon in the lower part of its course is cutting its right or western Iwink has been noted by Dall. 
Russell, Spurr, and others. 

ftSchrader, F. C, Reconnaissance along the Chandlar and Koyukuk rivers, Alaska: Twenty-first Ann. Rept. U. S. Geol. 
Survey, pt. 2, 1900, p. 481. 

<^Mendenhall, W. C, Recounaissance from Fort Hamlin to Kotzebue Sound, Alaska: Prof. Paper, U. S. Geol. Survey, 
No. 10, 1902, map, p. 80. 
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cmHt arid woHt, paralld with the trend of the range. They are nearly all traversed 
hy the dominant jointing of the range, which cuts the rocks in a direction about 
northeaMt-wouthwcHt, with dip nearly vertical or inclined steeply to the northwest, at 
anglcis of 75'^ to HiP. There are ako usually one or more sets of secondary jointing or 
minor struc^ture, trending in general northwest-southeast, sometimes approximately 
at right angles t^> the major jointing. 

The al>ove statement of the structures affecting the Paleozoics in the range 
applies also in a limited way to the upland Mesozoics on either side. 

With the exception of the greenstone-schists occurring in the Totsen series, the 
Palef)/oicH of the range, as well as the younger formations of the Arctic slope, are 
all Hcdimentary, and, so far as observed, are relatively if not wholly free from 
association with igneous rocks of any kind. 

8KAJIT« FORMATION ( UPPER SILURIAN). 

OJuiraatft and occurrence. — The Endicott Range, as noted, has two distinct axes, 
of which th(^ Houthern seeuiH to be composed of the older rocks (see PI. UI), those 
of the Skajit formation and the Totsen scries, the former playing the principal part. 

The rocks of the Skajit formation (PI. IX, B) consist of heavy-bedded crystal- 
line limestone and mica-schist. Weathered surfaces, parallel with the bedding and 
pianos of movement and crushing, present a silvery sheen, due to the presence of 
mica, while some layers grade wholly into mica-schist. On a fresh fracture surface 
the limestone is found to 1h^ highly crystalline, generally fine or medium grained, 
and of impure white or bluish-gray color, the latter apparently denoting the more 
(lolomiti(* phases of the rock. It weathers to a dirty gray or light brown, sometimes 
tingtnl with rod. 

The formation ociuirs in the southern part of the Endicott Mountains, where, in 
latitude approximately iu^ 30', it occupies a belt that is from 15 to 20 miles wide, 
in which the moimtahis rise to an elevation of more than 5,500 feet above sea 
lovol, the iHH^ks forming some of the highest peaks and most rugged topography of 
the southern axis of the ninge. Judging from the attitude or prevailing dip of the 
iXH'ks and their extent measured across the strike, the formation probably has a 
thickness of at least 4,000 feet. 

«S'/ri/<*/»//v,--The Skajit formation has a nearly east- west strike, parallel with 
the giMieral diivction of the mountains; but about 20 miles west of John River this 
triMid changi^s to north of west. The structure in general indicates a broad anti- 
clinorium whoso middle part is oirupied by a broad, shallow syncline. In general 
the di|>s aiv gentle, as shown in PI. IX, ^ and PI. X .1. The latter shows the 



«>Tho term Skajit is of imtivr i»rii;iii. aiul is tnkt'ii (rt>iu a ^rou|> of ru^^yed mountains occurring within the are* of th«* 
ftvnuation to tho «««Nt of John Rivvr. 
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formation as it disappears to the north unconformably under the Fickett series. In 
some localities, however, the faulting and folding have been intense. 

Like the other Paleozoic rocks of the range, the Skajit formation is cut diag- 
onally by the dominant northeast-southwest jointing, which divides the rocks into 
nearly vertical sheets varying from less than 1 to more than 10 feet in thickness, and 
b}^ the secondary jointing sometimes at nearly right angles to this direction. 

The joint planes are usually nearly vertical or have a steep westerly dip, and are 
sometimes locally followed by veins or veinlets of calcite and some quartz, carrying 
occasionally a little galena or iron pyrites and copper. Prospectors report that 
galena, probably of economic value, occurs on Wild Creek, 25 miles east of our 
route, in a wide "ledge" in limestone probably belonging to the Skajit formation. 

Cleavage was also noted in a few instances, but none so pronounced or so well 
developed as that observed in similar rocks in the area to the east, at the head of 
Chandlar River. 

A(/e, — The Skajit formation, as seen in the geologic section, probably repre- 
sents the oldest or next to the oldest rocks in the Held. It is the principal formation 
forming the southern axis of the Endicott Range, of which it seems to be the lowest 
terrane exposed. It is unconformably below the Fickett series on the north, and 
apparently bears similar relation to the Totsen series on the south, where, as shown 
in the geologic section on PI. Ill, the probable unconformity is indicated by the beds 
of the Totsen series lying at a steeper angle than those of the Skajit formation, as 
well as by an abrupt change in the character of the sediments along the zone of 
contact. Similarly, on the north, where the heavy-l^edded limestone of the Skajit 
formation finall}'^ disappears with a northerly dip, it is met by the overlying slates 
and schists of the Fickett series dipping south (section on PI. Ill and PI. X, A). 

Though the limestone, as noted, is much altered by metamorphism, it contains 
faunal remains, some of which were collected in place on John River. While most 
of these forms are too greatly altered for determination, a single specimen has been 
identified by Mr. Schuchert as " having the ventral valve of a brachipod of the order 
of Meristiiia and Merktella^ and also resembling a transverse Seminuln, This kind 
of shell indicates that the rook can not be older than Upper Silurian and not younger 
than Lower Carboniferous." 

On this evidence, and because the rock is much more disturbed and metamor- 
phosed than the limestone of the Lisburne formation, in which Devonian fossils have 
been found in the northern axis of the range, the Skajit formation is provisionally 
referred to the Upper Silurian. This, if the inference be correct, places it among 
the oldest known fossil-bearing formations of northern Alaska. Late Upper Silurian 
forms have been found in the Glacier Bay limestone in southeastern Alaska.^ Ordo- 

aBrookfl, A. H., Preliminary report on the Ketchikan mining district, Alaska: Prof. Paper U. 8. Geol. Survey No. 1, 
1902, pp. 19-20. 
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vician fossils have been found by the Survey party on Seward Peninsula,'' and Lower 
Silurian forms ^ were also found by Mr. A. J. Collier during the season of 1901 
in the same region. 

Silurian fossils are also reported to have been collected^ by Buckland, Dall, and 
others at Cape Lisburne and the adjacent Cape Thompson, but,. so far as known to 
the writer, no section or description of the rocks is given. In Dana's Manual of 
Greology it is stated that species of Lithostrotion have been found in the Arctic coast 
lands between Cape Lisburne and Kotzebue Sound. Lower Silurian fossils were 
collected by Mr. Schuchert on the northeast coast of the continent, in Baffin Land. 

Corrdatum. — ^From the schistose, crystalline, and micaceous character of the 
Skajit formation and its resemblance to similar rocks of the Hetties series,^ it is here 
provisionally correlated with the schistose phase of the Bettles series occurring at 
the head of Chandlar River, with which subsequent detailed work in the inter- 
vening region may connect it. It seems probable that the limestone reported by 
prospectors to occur in the gold placer district in the Koyukuk, between the Skajit 
formation on John River and that on the Chandlar, represents this connection. In 
an earlier report * the Bettles series was tentatively correlated with the Fortymile 
series of Spurr. If, however, the Skajit formation proves to be Upper Silurian and 
its correlation with the Bettles series is correct, the previous correlation of the 
Bettles limestone to the north of the Yukon with the pre-Silurian Fortymile series 
to the south, in the Fortymile district, may have to be abandoned. 

TOTBBN BERIBB/ ( SILURIAN). 

CharcLcter and occurrence. — ^This series of rocks occupies a belt about 12 miles wide 
on John River. It lies south of the Skajit formation, upon which the Totsen rocks 
seem to rest unconformably, while they in turn are unconformably overlain by the 
Bergman series on the south. The rocks are mainly mica-schists and quartz-mica- 
schists, in both of which the essential minerals are biotite and quartz. There is also 
some much-altered greenstone or amphibole-schist. Locally the mica-schist becomes 
graphitic, graphite bodies one-eighth inch in diameter being noted, and in some cases 

aBrooks, A. H.; Richardson. O. B.; Collier, A. J., and Mendenhall, W. C, Reconnaissances in the Cape Nome and 
Norton Bay Regions, Alaska: Special publication U. S. Oeol. Survey, 1901. 

bGraptolites were found by Messrs. A. H. Brooks and L. M. Prindle along the northern base of the Alaskan Range in 
the summer of 1902. 

c Correlation papers. Neocene: Bull. U. 8. Oeol. Survey No. 84, pp. 248-249. 

dSchrader, F. C, Reconnaissance along the Chandlar and Koyukuk rivers, Alaska: Twenty-first Ann. Rept U. 8 
Geol. Survey, pt. 2, 1900. 

elbid. 

/The name Totsen is derived from the term Totsenbetnar-formerly applied by the natives to Wild Creek— by 
dropping the final syllables, which signify river. On the map accompanying the writer's report on the expedition of 1899, 
and on that in Mendenhall's report of 1902 (Prof. Paper U. 8. Geol. Survey No. 10), this name was erroneously applied to 
the stream which is now called John River, but which Allen designated Fickett's River. The word was spelled Totsen- 
bitna by Allen. It Is said to mean lunt^ the waterfowL 



PALEOZOIC BOOKS, TOTSElf SERIES. 69 

the rock carries much secondary quartz, both in small veins and in lenticular bodies. 
Some iron pyrite is also present, which on oxidation gives a reddish-brown color to 
the rock. The quartz veins tend to follow the schistosity and are often locally con- 
torted and twisted. Some carry irregular veinlets or stringers of epidote. 

The series is believed to be essentially of sedimentary origin, but the sedimenta- 
tion seems to have been accompanied by basaltic flows, which were later sheared 
with the sedimentary beds, giving rise to amphibolite-schist, of which the most 
prominent strip, having an apparent width of several miles, occurs near the southern 
part of the belt occupied by the series. Here the rock, judging from the bent and 
crushed remnants of feldspar and augite shown under the microscope, is plainly of 
igneous origin. Though on account of faulting and folding there is doubtless some 
duplication of the rocks in the Totsen series, its total thickness, judging from the 
prevailing dip and distance across the strike, is 6,000 to 7,000 feet. 

Structure, — The Totsen series, like the older rocks composing the range, trends 
approximately east and west, and though the series as a whole has been intensely 
folded, the dip in general is monoclinal, being, so far as observed, southward, at 
angles of 60 to 80°; but in the northern part of the belt, John River Valley, for a 
distance of several miles, seems to follow a north-south syncline in the series. 
The series is traversed by the major northeast jointing of the range, and by a second- 
ary structure at nearly right angles to the major jointing. Cleavage was noted at a 
few localities, but apparently much of this has been obliterated by disturbance. 

Age, — ^The Totsen series is represented in the geologic section as it appears 
to occur in the field, namely, above the Skajit series. It thus seems to be younger 
than the Skajit, but the actual contact between the formations was not seen, as is 
shown by the gap in the section, and the age relations here indicated can not be 
demonstrated. Furthermore, while the Totsen series, so far as observed, consists 
essentially of rocks that seem undoubtedly to belong to the class of older crystalline 
schists found in Alaska, and can not be correlated with the Fickett series, it should 
be noted that the observations made were confined to the line of traverse along 
John River, and the mountains in this part of the field not having been ascended, 
it is possible that the series may be overlain by or otherwise associated with rocks 
younger than those described above. The great thickness and probable extent of 
the Fickett series (to be noted later) to the north of the Skajit formation, makes it 
not unreasonable to suppose that members of this series may occur on the south side 
of the Skajit anticlinorium, but this point must be determined by future investigation. 

Correlation, — ^The Totsen series can be correlated in a tentative wa}^, on lithologic 
grounds, with the Lake quartz-schist* of Chandlar River. It is less evidently of 

aSchrader, F. C, Keconnaiusance along the Chandlar and Koyukuk rlvew, Alaska: Twenty-flret Ann. Rept. U. 8. 
Geol. Survey, pt. 2, 1900, p. 474. 
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sedimentary origin, is more micaceous, and contains much less quartz and more 
greenstone-schist, of igneous origin. In some localities, however, it very much 
resembles the more altered phases of the schists to the east of the Koyukuk, in the 
Slate Creek diggings, which also have been correlated with the Lake quartz-schist of 
Chandlar River. That the Totsen series extending beneath the younger formations 
in the Koyukuk Valley may connect with the Slate Creek schists is not improbable, 
especially since the Bergman series, which occupies a large part of the intervening 
Koyukuk Valley, seems to rest unconformably upon both, 

8TUVKR 8KRIBB« ( PRB-DEVONIAN) . 

Oharacter a/nd occurrence. — ^The next of the older groups of rocks to be consid- 
ered is the Stuver series, comprising the oldest rocks exposed in the northern portion 
of the Endicott Range, and apparently forming the core of the north axis. (See 
section on PL III.) The rocks of this series are principally conglomerates, with 
interbedded layers of quartzite, which toward the top pass into slate and shale. 
The pebbles composing the conglomerate are practically all siliceous and consist 
of black, slate-colored, red, green, and bluish flint and milky-white quartz. They 
range in size from less than an inch in diameter to cobbles, and in a few instances 
approach bowlderets. The cement is siliceous, usually dense, and often contains 
grains of cryptocrystalline or aphanitic silica, undoubtedly derived from the same 
parent rock as the pebbles. Great force is required to break the rock with the 
hammer, and, when broken, the fracture plane is almost invariably found to take a 
direct course, traversing any pebbles, though perfectly sound, that may lie in its path; 
in fact, the cementation is so firm as to form of the conglomerate, as a whole, a rock 
substantially as hard as the hardest flint pebbles that are included in it. 

The various colors of the pebbles in the conglomerate make it a very conspicuous 
rock, so that it is easily recognized where its fragments occur in Pleistocene and 
intervening formations. These fragments are conspicuous in the Lower Carbonifer- 
ous rocks succeeding the Lisburne series, and are also represented in the Lower and 
Upper Cretaceous and in the Tertiary formations. No one of the parent rocks from 
which the various types of flint pebbles of the Stuver series have been derived has 
yet been observed. The specimens found in the placer mining gulches to the 
northeast, on the west side of the Koyukuk, and referred to by the prospectors as 
"emerald" and "adamant," probably represent flint pebbles derived from the Stuver 
conglomerate. 

The interbedded quartzites in the Stuver series are medium grained and excep- 
tionally hard and siliceous, and are usually of a gray or sometimes a pinkish or red- 
dish color, while the slate is dark. 



a The name applied to this Beries is taken from Mount Stuver, situated east of the Anaktiivuk, and named for a 
member of the party. 
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Where best exposed between the two limestone areas of the Lisburne formation 
to the north of the Anaktuvuk, the Stuver series, forming the lower part of the 
longer limb of an anticline, dips southward at an angle of 30^ and passes beneath the 
limestone of the Lisburne formation. The relation of the two formations imme- 
diately at the contact is concealed by talus, but near by begins an exposure which, 
extending for several miles along the front of the mountains, shows the Lisburne 
formation dipping southward at an angle of 20^, this dip being but 10^ less than 
that of the Stuver series, which, as it nears the Lisburne formation, gradually 
decreases southward. From this it is inferred that the Lisburne, where not faulted, 
probably rests conformably on the Stuver series. If any unconformity exists, it 
must be very slight. 

As shown on the geologic map (PL III), the exposure of the Stuver series is 
limited to a narrow belt, about 5 miles in width, that trends eastward for an unknown 
distance from the Anaktuvuk Valley, lying between the eroded edges of the Lis- 
burne formation. The series is also supposed to form the bed rock floor of the 
Anaktuvuk Valley, beneath the glacial drift, from the north edge of the mountains 
for a distance of 10 to 12 miles southward, to near the southern edge of the Lisburne 
formation. There are some small exposures of its upper member beneath the 
Lisburne along the base of the mountains on both the east and the west side of the 
valley, while on the south it has probably been brought into contact with the Lower 
Carboniferous of the Fickett series by faulting. Both here and at the north edge of 
the series the faulting seems to be normal. 

Structure. — To convey a clearer conception of the controlling conditions here, it 
should be noted that the Stuver series lies in an east-west zone that exhibits the 
most marked geologic disturbance of the region. Pronounced faulting extends 
southward into the range for a distance of 15 to 20 miles from its seaward face. 
This zone extends along the crest of the divide between the Yukon and Arctic coast 
drainages, in the region at the head of John and Anaktuvuk rivers, and at the southern 
part of the great crescent formed by the north front of the Endicott Range. The 
beds in a general way retain the east-west trend noted in the older Skajit and 
Totsen series. Roughly considered, the uplift, which, judging from sediments in the 
post-Paleozoic rocks and the unconformable relations of these to the Paleozoic rocks, 
seems to have been going on since middle or late Paleozoic time, apparently took 
place in the form of a broad anticline, whose longer limb extends with gentle slope 
southward and whose shorter limb forms in part the north front of the range. Eleva- 
tion was accompanied by faulting. The thrust or movement came from the south 
and apparently produced an overturned fold in the terranes forming the crest of the 
anticline. The faulting which accompanied this movement broke the beds into 
several great fault blocks. Erosion followed, which finally brought the Stuver 
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series to view along the axis of the fold. These are apparently the lowest and oldest 
rocks exposed in the northern part of the range. 

Toward its northern limits and the crest of the fold, as has been noted, the 
Stuver series dips southward at an angle of 30^. But still nearer its northern 
limits, practically at the crest of the fold, the beds have been strained, bent down- 
ward, and broken, and finally terminate in a well-defined fault scarp, as shown in the 
section on PI. III. This scarp trends a little south of east and is visibly pronounced 
for at least 5 or 6 miles. Along this distance, in the higher part of the mountains, 
the edges of the broken, hard conglomerate beds forming the scarp are distinctly 
exposed, generally dipping about 30^ S., while at a lower elevHtion along the face 
of the scarp the broken-off portions of the same strata have dragged behind along 
the lower face of the scarp and stand nearly on edge, dipping northward at an angle 
of 80°. These nearly vertical beds of the Stuver series are met at the contact on the 
north by the limestone of the Lisburne formation, which dips south at an angle of 
75° to 80°. (See section on PI. III.) The contact of the two formations thus forms 
a reentrant angle of 25°, opening upward. 

The conglomerate of the Stuver series, toward its north edge and along the fault 
scarp, is intersected by two systems of jointing about equally pronounced. One 
system trends east and west, with dip vertical; the other nearly north and south, 
with dip to the east at an angle of 80°. On the top of a low mountain along the edge 
of the scarp the same hard conglomerate is finely laminated by a well-marked 
cleavage trending N. 60° E. and dipping northwestward at an angle of 45°. 

No estimate can be formed of the thickness of the Stuver series, as its lower 
limits are unknown. The exposed portion shows a thickness of at least 2,000 feet. 

Age. — ^The Stuver series, from its position underneath the Lisburne series, which 
on paleontologic evidence is considered to extend to below Middle Devonian, is 
certainly not younger than Lower Devonian, and it is regarded as probably pre- 
Devonian. 

Correlation, — No other Alaskan rocks with which it inay be correlated are known 
to the writer. Sediments, notably of fine conglomerate, containing materials similar 
to those forming the conglomerates of the Stuver series, have been noted in the 
Mission Creek series of the Yukon district; but probably these, like the sediments 
derived from the Stuver series and now found in the Tertiary and other formations 
on the Arctic slope, have been many times deposited and reworked since they were 
derived from their original source. 

LISBURNE FORMATION (DEVONIAN). 

Chardcter and occurrence. — Lisburne formation is the name here employed to 
designate the limestone, with some shale, occurring next above the Stuver series at 
the head of Anaktuvuk River. The name Ls taken from Cape Lisburne, where 
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apparently the same formation, consisting of limestone and shale, occurs. On the 
Anaktuvuk the formation occupies a belt 16 or more miles in width, extending 
north and south along the valley. Toward the west the belt narrows and appears to 
soon be delimited on the southwest by the fault scarp of Contact Creek, and, farther 
west, by the Carboniferous of the Fickett series; while to the east of the Anaktuvuk 
it seems to widen. The westward extension of the formation may, however, some- 
what exceed that represented on the map before it disappears beneath the Carbonif- 
erous, for the mountains south of Contact Creek were not ascended. 

Where examined along Contact Creek, the north side of the valley for several 
miles consists of a steep wall, or fault scarp, of the Lisburne limestone, similar to 
that forming the scarp along the Anaktuvuk Valley on the east; while the rocks 
directly opposite, on the south side of the valley, less than three-fourths mile distant, 
are Carboniferous quartzite and conglomerate of the Fickett series. Northwest of 
this locality, however (as shown in PI. IV, B^ a view looking westward from the 
south edge of a Lisburne fault block near Contact Creek), the Lisburne, still forming 
the crest of the axis, with an elevation of about 6,500 feet, is less disturbed. The 
beds on the right, which show a marked increase in shale at the expense of the lime- 
stone, dip northward toward the base of the range, while farther west the Lisburne 
seems gradually to disappear beneath the Fickett series as a broad anticline, with the 
longer limb sloping gently southward and the shorter dipping more steeply north- 
ward, and probably playing an important part in forming the steep north front of the 
range, as has been shown to be the case to the east of the Anaktuvuk Valley. 

In the foreground of PI. IV, B^ the Lisburne extends all the way across the 
field from left to right, but the sculptured cirque topography forming the top of the 
mountains in the left background lies in the slate and quartzite of the Fickett series, 
which, to the northwest, seems to overlie the Lisburne and form the crest of the 
range, and probably also descends the north slope and underlies the Mesozoics of the 
Anaktuvuk Plateau at the north base of the mountains. 

The rocks of the Lisburne formation may be characterized for the most part as 
medium-bedded semicrystalline limestone of impure white or graj^ color. They 
weather gi*ay, light rusty brown, or chocolate. They form the mountains that rise 
to a height of 2,500 to 3,000 feet above the floor of the Anaktuvuk Valley. Near 
the summit (see PI. X, B^ and fig. 4) occur two beds of intercalated shale, each 
apparently several hundred feet thick, and containing some thin layers of dark-gray 
limestone. 

On the east the extent of the formation is unknown. On the south it is appar- 
ently in contact with the Carboniferous, while in descending the slope of the moun- 
tains on the north it disappears beneath a mantle of glacial till, where, judging from 
the topograph}^, it is probably soon met and overlain by Mesozoic strata, which prob- 
ably rest unconformably upon it at this point. (See. fig. 4, p. 51.) 
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Judging from exposures observed in the region of the Anaktuvuk, the thickness 
of this limestone formation is probably a little over 3,000 feet. 

Striicture. — The entire area of the Lisburne formation here considered is deeply 
involved in the system of faulting and disturbed blocks referred to under the head- 
ing "Stuver serias.'- As viewed from the Anaktuvuk Valley^ looking either east 
or west (see section on PI. Ill; also fig. 4 and PI. X, B)^ the Lisburne series reveals 
but little of the disturbance it has undergone. On the southwest, however, toward 
Contact Creek, the rocks have been folded and broken into blocks, which in some 
instances are highly tilted. The fault on the west side of the Anaktuvuk, shown on 
the right of fig. 4, probably represents the westward extension of the same fault 
that gave rise to the scarp along the northern edge of the Stuver series, which series 
however, has not here been brought to view. At the north base of the mountains, 
west of the Anaktuvuk, the Lisburne formation disappears beneath the covering of 
glacial drift with a dip of 60^ to the north. East of the Anaktuvuk it similarly dis- 
appears beneath the drift, but with an opposing dip at an angle of 76° S., against 
the fault scarp of the Stuver series, as shown in the section on PL III. Between 
these two localities the Stuver series probably attains a steep westerly dip, of which 
there is some suggestion along the north edge of the valley, or a portion of the val- 
ley may be traversed by a north-south fault extending from the north edge of the 
mountains to the southern limits of the Stuver series. 

In certain localities, notably on the south side of the Anaktuvuk, the Lisburne 
IS cut by a close jointing, trending N. 27° E., with dip southeast-east at an angle 
of 85°, dividing the rocks into thin slices from 2 to 8 inches in thickness. 

There can be but little doubt that the faulting between the Lisburne and the 
Fickett series continues eastward and connects with that along the southern edge 
of the Bettles series, on Koyukuk and Chandlar rivers. Its alignment with the 
boundary of the Bettles series, as located in a previous year's work,^ is shown on the 
geologic map, PI. III. 

Age. — The most convenient disposition to make of the Lisburne formation would 
be to include it with the Fickett series and call the group Carboniferous and Devonian, 
since both Carboniferous and Devonian fossils occur freely in the stream gravels of 
the upper John and Anaktuvuk rivers, and none of the fossils found in place were 
sufliciently well preserved for identification. On lithologic grounds, however, the 
Lisburne formation can be set apart as qu^'te distinct from the Fickett series, which 
it also seems to underlie. Therefore, on the basis of the Devonian fossils found in 
detached fragments of rock on the surface of the formation near the top of the 
mountains, and on the lithologic similarity of the rock attached to these fossils to that 
of the Lisburne formation, the fonuation is provisionally referred to the Devonian. 



aSchmder, F. C, Hcconuainance along the Chandlaf and Koyukuk rivers, Alaska: Twenty-first Ann. Rept. U. S. 
Qcol. Survey, pt. 2, 1900, pi. Ix. 
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The fossils from the Lisburne formation collected by the writer have been 
identified by Mr. Charles Schuchert as follows: 

Fossils of the Lisburne formation. 
Locality 455. 

Productella (2 species). 

Platystoma. 

Zaphrentis. 

Fenestella. 

Unitrypa. 

Eridotrypa, nearly identical with E. barrandei (Nicholson) of the Middle Devonian. 
Localities 460 and 462. 

Spirifer disjunctus. 
Localities 496, 498, 499, 501, 523, and 524. 

Diphyphyllum (1 species). 
Locality 500. 

Zaphrentis. 
Locality 528. 

Aulocophyllum. 
Locality 533. 

Zaphrentis. 

Rhombopora. 

Fenestella. 

Hemitrypa. 
Localities 455 and 528 appear to be of one formation of the Middle Devonian. The species present 
suggest very much the Athabasca- Mackenzie Middle Devonian, collected many years ago by Kennicott 
and described by Meek in the Transactions of the Chicago Academy of Sciences. 
Localities 460 and 462. 

Spirifer disjunctus, one of the fossils characterizing the Upper Devonian. The same species is 
also found in the Peace, Hay, and Liard River regions of Arctic Canada. 
Localities 496, 498, 499, 501, 523, and 524. 

Dipliyphyllum (1 species). This genus extends in America from the Upper Silurian to the 
close of tlie Middle Devonian, and will probably also be found in the Upper Devonian, so that, 
unsupported by other evidence, it does not indicate an exact horizon. This or a very similar 
species has been found at or near the mouth of Mackenzie River in Devonian rocks. 
Localities 500 and 533 are probably also of Devonian age. 

Coi^reJat ton, —On lithologic grounds it appears that the Lisburne formation can 
safely be correlated with the medium-bedded, unsheared limestone portion of the 
Bettles series, . which is best exposed near the mouth of Kettles Kiver, on the 
Koyukuk," and it probably continues to the head of Chandlar Kiver. Thus this 
limestone formation extends from the region west of the Anaktuvuk eastward 100 or 
more miles, and the presence of Devonian still farther eastward, to the north of the 
Chandlar, is rendered highly probable b\' a few fossils collected from the Chandlar 
River gravels in ISIM) })y the writer.* These fossils, a list of which follows, were 
identified b}' Dr. George II. (iirty, whose statements thereon are here inserted. 

"Srhrader. F. C, Ret-on rirtissance alonjr the ClmnUlar iind Koyukuk rivers, Alaska: Twenty-nn<t Ann. Repl. T. S. 
Geol. Survey, pi. 2, 19()0, p. 475. 
Mbid. 

189— No. 20—04 5 
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Paleozoic fossils from the ChancUar River gravels. 

Locality 211. Indeterminable. 

Locality 22. Ryringopora sp. 1. 

I^ocality 2. Syringopora sp. 2. 

Locality 47. Spirifer, disjunctus type. 

Locality 5. Cyathophylloid coral. 

Locality 203. Crinoid stems. 

Stjringoponiy so far as known, is not found above the Carboniferous; therefore 22 and 2 can be 
referred, with little doubt, to the Paleozoic. 

The spirifer of locality 47 represents a type which is not found below the Devonian, and is, in a 
measure, restricted to rocks of that age. This spirifer can pretty safely be referred to the Devonian, and 
if, as I suspect, the form is Sp. disjunctus itself or one of its close allies, probably to the Upper Devonian. 

The coral found at locality 5 probably belongs to the genus Acervularia. The age indicated is 
certainly Paleozoic, and probably Devonian. 

The crinoid fragments found at locality 203 indicate nothing positive as to age. From their 
character and abundance I should be inclined to determine the horizon as Paleozoic. 

It should also be noted that the trend of the series continued still farther east- 
ward, beyond the Chandlar River Basin, strikes the Porcupine near the Lower Ram- 
parts, where Devonian forms w^ere collected by Kennicott,^ and where Mr. McCon- 
nell, of the Canadian geological survey, reports the limestone to yield such fossils 
as Atrypa retiadaris^ with fragmentary specimens of corals referable, in part at 
least, to the Devonian.* It seems highly probable that the Lisbume formation may 
also be correlated with the similar limestone and shale formation occurring at Cape 
Lisbume, which, though nearly 400 miles distant, undoubtedly represents the west- 
ward continuation of the same mountain axis. (See PI. V and fig. 1, p. 40.) This sug- 
gestion is based, in a measure, on the statements of different persons who have found 
Paleozoic fossils in the Cape Lisburne region, and more especially on the recent 
reports of Mr. H. D. Dumars and Mr. A. G. Maddren. The fossils collected by 
Mr. Dumars in the region, with notes by the collector, have been presented by Mr. 
Maddren to the United States National Museum, where they have been examined 
by Mr. Schuchert, whose communication on them to the writer is as follows: 

Paleozoic fossils from the Cape Lisbume region. 

There is an interesting coral fauna of Middle Devonian age from "limestone cliffs 4 miles south of 
Cape Lisbume, just south of the mouth of a considerable stream, where the rocks strike east and west, 
and dip south at 45®*' (Dumars) . This limestone contains — 

Endophyllum, 2 species. 

Syringopora, near S. tabulata. 

Syringopora, near S. perelegans. 

Diphyphyllum, near D. simcoense. 

Diphyphyllum, near D. stramineum. 

Zaphrentis, probably 2 species. 

This limestone appears to l)e the same formation as that discovered by you last summer [at head 
of Anaktuvuk River] at localities 496, 498, 499, 501, 523, and 524, but more particularly at 455 and 528. 



n Trans. Chicago Academy Sci., vol. 1, 1867. ^Aun. Rept. Geol. Survey Canada, new series, vol. 4. 1890. p. 133 D. 
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In his field notes referring to this locality Mr. Maddren states that the lime- 
stones forming the cliffs referred to contain corals and other fossils and also veins of 
calcite. Fig. 1 (p. 40) is a profile section of the limestone and shale as sketched 
by Mr. Maddren at a localit}^ a short distance south of the point where the fossils 
were found in place. The section includes Cape Lewis and Cape Dyer. So far as 
known, however, no fossils were found in the limestone n»presented in it. Cai)e 
Dyer is described as the sea terminus of a limestone range, a])out l,0oo feet in 
height, which trends inland in an easterly direction, the rocks striking east and west 
and dipping 35^ N. In the valley between Cape Dyer and The Ears there is said to 
be a syndine of shale containing an exposure of coal along a sea cliff that rises from 
5U to 100 feet above tide. The occurrence of coal here would seem to indicate the 
presence of some other horizon, probably Carboniferous or Mesozoic. According 
to Mr. Maddren the limestone beds at Cape Lewis also dip north and expose a 
thickness of 8(M) to 1,000 feet. 

We may also note that the Middle Devonian discovered by Mr. Spurr in south- 
western Alaska," in the Kuskokwim country, i.s considered b\' Mr. Schuchert as 
about the same as that on the Anaktuvuk. The same is true of the forms collected 
by Mr. Brooks in southeastern Alaska.* 

DiHtrihxdimu — The thickness of the Lisburne formation in the mountains on the 
Anaktuvuk and at Cape Lisburne on the coast, and the important part it plavs in the 
constitution of the Endicott Range and the continuation of these mountains westward 
to at least the one hundred and fifty-second meridian, as discovered ])y Howard/ as 
well as the general regularity in the disposition of the rocks, seem to render it 
highl}" probable that that formation is continuous between the Anaktuvuk and Cape 
Lisburne. Its lithologic resemblance to the limestones of the Kettles series on the 
Koyukuk'' and the Devonian fossils found by the writer in the Chandlar River 
district, and by Kennicott and McConnell farther east on the Porcupine, would lead 
to the inference that the Lisburne formation, or at least the Devonian, forms a pretty 
constant component of this northern Rocky Mountiiin range from Cape Lisburne 
eastward throughout northern Alaska, for a distance of 600 or more miles, nearly to 
the international boundary and probably beyond it. 

KK'KETT HKKIES (cARHONIKKKOIh). 

Chiirnctcr and ocenrrrfnu , The Fickett series, so nam(Hl from the Kickett River of 
Allen (now calh^d John River), coniprises rocks of very diverse character, ranging from 



"Spurr, J. K.. A rccoiinaiMMUicc in NMilliwcslcrii Ala^ika in 1H9.S: Twontieth Ann. Kept. V. S. (Ic«>l. Survey. i>t. 7. 19(J(). 
p. 179. 

''Brooks, A. 11.. I^reliniiimry report <»n the Keteliikan mining dislriet, AlH.*ikH: I'rof. Paper l*. S. (ieol. Survey No. 1. P.KW, 
p. -21. 

<*Stoney, Lieut. (Jeorge M., Naval Kxplomtion.s in Alaska, U. S. Naval Institute, Annapolis, Md., IIHK). ]». 70. 

rfS<thnider, F. C, Keeonnaissanee along the Chaiidlarand Ko>'ukuk rivers, Ala.*<ka; Twenty-first Ann. Kept. 
U. 8. Geo!. Survey, pt. 2, 1900, p. 475. 
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chloritic schists and pbyllites on the south, through impure limestone, slate, sandstone, 
quartzite, and grit, to hard conglomerate on the north. As shown in the discussion 
of the Skajit, Totsen, Lisburne, and Stuver series, the Endicott Mountains contain 
two geologic axes, a northern and a southern, both composed of the older Paleozoic 
rocks, and, as represented on the geologic map and section (PL III), the Fickett 
series lies essential!}^ in what appears to be a broad trough between these two 
axes. This trough or syncline, judging from the unconformity of the Fickett 
series to the Skajit and Lisburne formations, and the difference in character of the 
sediments, was probably occupied by an arm of the sea in late Paleozoic time, when 
the axes on the north and the south seem to have stood above sea level; and the 
sediments of the Fickett scries, judging from their calcareous content, were probably 
in part derived from these Paleozoic land areas. 

Here the Fickett series has a width, or north-south extent, of about 50 miles. 
On the south its edges appear to rest unconformably on the eroded Skajit forma- 
tion of the southern axis, as shown in the geologic section, while owing to the fault- 
ing at the head of John and Anaktuvuk rivers its relations to the older rocks of the 
northern axis are not definitely revealed. It seems, however, to meet the Stuver 
series and the Lisburne formation by fault contact, as has been indicated. To the 
north of this contact, so far as observed in the region of the Anaktuvuk, all trace of 
the series in place seems to have been removed by erosion. To the west, however, 
beyond the limits of the fault-block system of the Devonian, about 20 miles from the 
Anaktuvuk, it seems to overlie the Lisburne formation, and probably extends beneath 
the Mesozoics at the north base of the range. From the occurrence of Carboniferous 
fossils in the stream gravels it is inferred that the same conditions probably prevail 
to the east of the Anaktuvuk, but they have not thus far been actually observed. 

Beginning on the south slope of the north axis of the range, the lower part of 
the Fickett series, as it seems to be, consists of dark shale, schistose slate, and appar- 
ently some dark limestone, which is succeeded by quartzite, grit, and conglomerate. 
The sediments in the quartzite, and more especially those in the grit and conglom- 
erate, though they are often fine, bear a marked resemblance to the vari-colored 
conglomerate of the Stuver series, from which they seem undoubtedly to have l>een 
derived. The quartzite, grit, and conglomerate are hard and flinty, the grains and 
pebble^5 l>eing thorough h^ united by a siliceous cement. The best exposure of these 
rocks that was seen is that at Fork Peak, on John River, east of camp July 12, from 
which point for about 15 miles northeastward, to beyond the Anaktuvuk portage, 
they present a steep face to the northwest, overlooking the upper part of John River 
Valley. Here the dip is gently south or southeast. Apparently these same conglom- 
erates and grits were also encountered in the lower reaches of a deeply cut gulch 
about 20 miles south of Fork l^eak, west of the mouth of Hunt Fork. Toward 
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the top of Fork Peak the grit and quartzite give way to dark schistose slate and 
dark-gmy micaceous sandstone. 

Southward, at a geologically higher horizon, gray sandstone, limestone, gray 
schist, some quartzitic schist, slate, and conglomerate are encountered. These rocks 
are medium layered, variously interbedded, and more or less sheared. In the region 
of Hunt Fork a dark-gray or bluish schistose sandstone and soft slate become 
predominant. Apparently ascending in the column, still farther southward, the 
rocks become for the most part very fine-grained gray or bluish quartz-schist, with 
finally greenish chloritic schist and slate, which continues to the southern edge of 
the series, where it rests unconformably on the Skajit limestone formation. The 
quartzitic schist and the green chloritic schist often carry considerable quartz in 
small veins and stringers, trending more or less parallel with the schistosity and 
the bedding. But exceptions occur, as shown in PI. XI, A^ where a species of 
gash veining breaks across the bedding. This quartz frequentl}^ is most abundant 
in the bights of sharp folds and along lines of strain and breaking. So far as 
obsei'ved, the veins carry no valuable metals. 

Besides the above-noted rocks, light-gray and dark or black limestones, appar- 
ently belonging to the series, but not met in place along the route traversed, were 
sighted and studied with the field glass both southeast and southwest of Fork Peak. 
These limestones, judging from the resemblance to the specimens found in the 
stream gravels, are the mother rocks of the fossils occurring so abundantly in 
the streams. Their position in the geologic section seems -to be above the con- 
glomerate, grit, and quartzite portion of the section and near the dark schistose 
slate and dark-gray micaceous sandstone, as shown to some extent in PI. VII. 

Structure. — The Fickett series, like the other Paleozoics of the range, has been 
subjected te faulting and folding, incident to mountain building. The general 
structure, however, seems te be monoclinal, with strike and trend east and west and 
dip south at angles of 20^ to 45*^. The dip may vary, however, from southeast 
in some localities to southwest in others, while in certain cases the rocks lie nearly 
horizontal or dip very gently north. The prevailing southerly dip of the series as 
a whole seems to point to a greater and probably later elevation in the northern 
than in the southern pai*t of the i-ange since the Fickett was laid down. 

The series is finely cut in some localities by the major nearly northeast-south- 
west jointing, whose planes are frequently slickensided and usually dip 70^ to 
80° NW. Slight movement, or normal faulting, has frequently ttiken place along 
them. The rocks are also traversed by a secondary set of joints, trending nearly 
northwest and southeast, with dip nearly vertical, or in some instances 60° to 
80° SW. 

The schists, and notably the slates, often exhibit excellent cleavages, a good 
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instance of which is shown at Crag Peak, 10 miles south of Hunt Fork and 4i miles 
west of John River. Here the cleavage trends N. 35^ E. and dips northwest at an 
angle of 85^. Four miles north of this point, on the west side of John River, 
occurs another good instance, in which the cleavage trends N. 70^ E., with dip to 
the north at an angle of 45^. Also where the river crosses the sixty-eighth parallel 
a cleavage is found trending east and west, with dip south at an angle of 30^. 

A(/e. — No fossils have been found in place in this series, but on the basis of 
abundant Lower Carboniferous forms obtained in the stream pebbles of the region, 
and the lithologic resemblance of these pebbles to the rocks of the series, and also 
from the relation of the series to the Lisburne formation (which is considered 
Devonian and seems to underlie it), the Fickett series is provisionally assigned to the 
Lower Carboniferous. Following is a list of the fossil forms collected by the writer 
within the area occupied by the series, largely on the headwaters of John and Anak- 
tuvuk rivers. They have been identified by Mr. Schuchert, who reports as follows: 

FomUfrom the Fickett series, 

I^ocality 493. Lithostrotion (of the group in which the corallites are not iii close embrace). 

Locality 495. Spirifer striatum Martin, Productus scabriculos Martin, and Spirifer near S. n^lectos 
Hall. 

Locality 513. Productus ecabriculus Martin. 

IxK'ality 520. Productus semireticulatus Martin. 

Locality 52L Spirifer striatus Martin; Productus, a very small undetermined speciee, and Cysto- 
dictya nearest to C. lineata. 

Locality 522. Spirifer striatus Martin and Fenestella. 

Locality 525. Spirifer striatus Martin and Spiriferina cristata Schlotheim? 

Lot^ality 534. Streblotrypa near nicklesi Vine; Fenestella, several spe<'ie8, one of which is near F. 
cestriensis Ulrich; Cystt>dictya, Pinnatopora, and Rhombopora. 

The ulx)ve eight localities represent one formation, in the upper portion of the Lower Carbonifer- 
ous. This fauna, however, is unlike that of the Mississippi Valley in that it does not have its charac- 
terizing fossils, as the s(Tew-like bryozoan Archimedes and the blastoid genus Pentremites, 
parisons must be d<»ferred until larger collections are at hand. 

I><)calities 497 and 529 have a Sifringo})ora much like S. vuUtattenunta of the Upper CarboniferooB. 
This genus, however, has little stratigraphic value, but the development of the species present is 
indicative <>f Carboniferous. 

I localities 511, 518, and 454 are represented by a crinoidal limestone, apparently the same as at 
I<H*alities 525 and 521 and probably frr>m the horizon of the latter. 

Localitit^ 46:i an<l 4(>4 represent another horizon, since the lithology is (piite different from any of 
the other l(H*alities. The only fossils present are large crinoidal colmnns like those of the Lower Car- 
boniferous. 

I^wality 4(il also has large crinoid colunms and may represent the Txjwer Carboniferous. 

The alx>ve localities j)r()bably all represtuit the same Lower Carlwniferous formation as that of 
the si)ecimens fn)ni localities 493, 495, 513, 520, 521, 522, 525, and 534. 

I-.ocality 519 has Fnustt'lUty (-i/stodictifaf and crinoid cohunns. The material is unsatisfactory 
and all I can do is to state that it indicates either Devonian or (^arl)oniferous. 
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In referring the series to the Lower Carboniferous, however, it should be borne 
in mind that the fossils were nearly all found in the northern part of the field, where 
they have apparently come from near the lower part of the section, and since the 
series is possibly 8,000 to 10,000 feet in thickness, it ma}^ extend not only into 
Upper Carboniferous but possibly into Lower Mesozoic. 

Corrdatwn, — Carboniferous fossils have been collected by Spurr"^* and Collier 
on the Yukon above Circle, by Mendenhall and the writer in the northern part of 
the Copper Basin, and by Dall in southeastern Alaska, on Kuiu Island, but these all 
seem to be Upper or Permo-Carboniferous, and therefore afford no ground for close 
correlation of the rock occurring there with those of the section here considered. 

Independent of paleontologic evidence, on purel}' lithologic grounds, some of the 
gray schist, sandstone, and limestone beds of the series toward the northern part 
were associated by the writer in the field with the West Fork series of Chandlar 
Riv^er,* w^hich is regarded as possibly the source of some of the Paleozoic fossils 
found in the river gravels below that point, and which has been relegated by 
Doctor Girt}^ to Carboniferous or Devonian. 

Car]x)niferous forms are reported to have been collected on Captain Beeche3^'s 
voyage,*' 1825-1828, on the northwest coast l)etween Cape Beaufort and Cape Thomp- 
son (see PI. V). More recently, in the Cape Lisburne region, plant remains have 
been collected by Mr. Dumars which have been identified by Mr. David White as a 
small species of Lepidodendron^ related to Z. chemiin</ens€^ and a small form of 
Stigmaria ficoid^s^ indicative of Carboniferous age. This denotes at least the 
presence of Carboniferous rocks in the Cape Lisburne region, which, on future 
investigation, may be correlated wnth the Fickett series, and suggests that the rocks 
of the two regions may be continuous in the mountains lying between them, as the 
Devonian is supposed to be. (See p. 6t).) 

In fact, if topographic criteria be taken into account — namely, the continuation 
of the mountains eastward beyond the international boundary — with what has been 
said of the occurrence of the Lisburne formation, it ma}' here ])e ])rietly stated, in 
concluding the subject of Paleozoic rocks, that the present exploration, together 
with the evidence previously collected in the region to the east and that to the 
west, toward Cape Lisburne, seems to indicate beyond question the extension of 
a well -developed belt of Paleozoic rocks across northern Alaska, coinciding with 
the trend of the Rocky Mountains from the one hundred and thirty-fifth meridian, 
near the Mackenzie, to the one hundred and sixt^-sixth, at Cape Lisburne, a distance 
of nearly 1,000 miles. 

"Spurr, J. E., Geology of the Yukon gold district. Alaska: Eighteenth Ann. Kept. U. S. Geol. Survey, pt. 3. 1898. 
ftSehnuler, K. ('.. Ueeonnaistymee along the Chandlar and Koyukuk rivers, Altu^ka: Twenty-tirst Ann. Kept. U. S.tieol. 
Sun-ey. pt. 2, 1900. 

Voyage of Captain Beeehey (o the Pacirtc and Behring'.s Straits, London, 1836, pp. 378-405. 
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In the Cape Lisburne region, as noted, the belt has a known width of nearly 75 
miles and the rocks terminate in abrupt sea cliffs. The thickness of the section here 
is not known, but from what has been learned of the attitude of the rocks, it is 
judged to be considerable, since nowhere do older rocks appear to be exposed beneath 
these Paleozoics; from which it seems safe to infer that the latter probably extend 
far seaward as a submarine feature; and as this part of the ocean is known in the 
main to be shallow, it seems not unlikel}'^ that the same formations may extend across 
its floor and appear on the Siberian coast. It may be noted, ho.wever, that Doctor 
Dall, who visited this coast, reports that the rocks on portions of it are essentially 
crystalline or igneous. Some lignite occurs on Wrangell Island, but we do not 
know that Paleozoic or other formations occur there. 

MESOZOIC ROCKS. 

OORWIN SERIES (jURA-CRETACBOUS). 

Character ami occurrence, — ^The name Cor win is proposed for a series of sedi- 
mentar}^ rocks which are younger than the Fickett series and older than the Anak- 
tuvuk series (next to be described). The name is taken from Corwin Bluff, in the 
Cape Lisburne region (see PI. V), where the well-known coal mines of this name are 
located, and where rocks t3^pical of the series are well exposed. 

The rocks in the main have a strong lithologic resemblance to the Anaktuvuk 
series, and seem to be closely related to it in geographic and stratigraphic position, 
but as they are not known to occur in the interior along the route follow<^d by 
this traverse, they will not be found represented on the geologic map nor in the 
geologic section. However, sufficient has been seen of the rocks along the coast from 
Wainwright Inlet to near Cape Lisburne to lead to the inference that they probably 
form a part of the trans- Alaskan Rocky Mountain system; and on topographic, 
geographic, and lithologic grounds, as shown in what follows, it has been con- 
cluded that they are intermediate between the Fickett and Anaktuvuk series, a view 
which is also suppoi*ted by paleontologic evidence. The series contains the Wain- 
wright, Cape Beaufort, Thetis, and Corwin coals, most of which are of good grade. 
The inland extension of the series is also further suggested by the occurrence of coal 
on the Colville, reported by Howard and b}^ Reed (see p. 31). 

As observed along the coast, the Cor^^in series seems to extend from near Wain- 
wright Inlet, latitude 70° 37', longitude 159° 45', southwestward a distance of 180 
miles or more, nearly to Cape Lisburne (see PI. V). Beyond this point, farther 
inland, it seems to give way with marked unconformity^ to the Paleozoic rocks 
forming the core of the mountains terminating in the sea cliffs at Cape Lisburne and 
the coast south of that point (fig 1, p. 40). 
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other trends nearly northwest, approximately parallel with the strike of the rocks, 
and dips northeastward at an angle of 60" to 70^. These jointings, however, do not 
cut up the rock greatly, not nearly so much as do those in the Lower Cretaceous 
rocks of the Anaktuvuk series in the interior. 

Age. — Remains of fossil plants found in the Cape Beaufort region, and more 
particularly in the shale near the Thetis mine at Cape Sabine, by Mr. Dumars, Mr. 
Woolfe, and others, have been identified <» by Professor Fontaine and Doctor Ward as 
not older than the Oolitic of the Jumssic, nor younger than the Lower Cretaceous, 
and as probably transitional between the two. Similar evidence is afforded by 
fossil plants collected by the writer on the coast about 7 miles southwest of Wain- 
wright Inlet, w^hich have been identified by the same authorities as — 

Nageiopsis longifolia Font. 

Older Potomac of Virginia (Lower Cretaceous). 
Podozamites distantinervia Font. 

Older Potomac of Virginia (Lower Cretaceous). 
Baiera gracilis (Bean) Bunbury. 

Oolite of Yorkshire, England (Jurassic). 

On the above evidence, therefore, the Corwin series is provisionally assigned to 
the Jura-Cretaceous. 

Correlation. — Except the Kennicott* formation in the Copper River district, no 
Jura-Cretaceous rocks with which the Corwin series can be correlated have thus 
far been found in Alaska. 

ANAKTUVUK SERIES (LOWER CRETACEOUS). 

Character and occurrence, — The Anaktuvuk series takes its name from the native 
name of the river along which it was observed b}^ the writer. It underlies the 
southern or principal part of the very gently rolling Anaktuvuk Plateau, along 
the north side of the Endicott Range, whence, with surface sloping gently northward, 
it continues to form the country rock for a distance of about 50 miles, where it is 
succeeded by younger rocks. 

Along the base of the mountains the series, judging from the topograph}^ (see 
PI. IV), is l>elieved to rest unconformably on the Devonian, or Lisburne formation. 
Of this, however, we have no conclusive evidence, as the actual relation between the 
two rocks was not seen, because of the covering of glacial drift. The first exposure 
of the series visited by the writer is about 8 miles from the mountains. 

To the east the Anaktuvuk series is probably soon limited by the Paleozoic front 
of the range, while to the west and northwest it probably constitutes in part the 



« A full (Icwriptiou of these colleetions, iiirliuliiiK the forms collectetl by the writer, will appear in Doctor Wurd's second 
pnp<;r on the Older Mesozoie floras. t«) l>e publishe<l by the U. S. GcHjlojrieal Survey. 

ftSohrader, F. C, and Spencer, A. C, Geology and Mineral Resources of a Portion of the Copper River District, Alaska 
(a special publication of the U. S. Geol. Survey), 1901, p. 48. 
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so-called Meade River Mountains, and, continuing northwestward, may extend to 
the Arctic coast. 

The series consists essentially of impure sandstone or arkose, with a little fine 
conglomerate. The sandstone is usually heavy bedded, beds 6 to 8 feet in thickness 
being common, and it is generally fine to medium grained, but in some localities 
becomes so coarse as to be almost a grit. In color it ranges from dark or bluish gray 
to dirty greenish, while the coarser grained rock often presents a speckled or salt- 
and-pepper appearance, and is seen to be composed of grains of the variously colored 
flints represented in the Stuver conglomerate. In fact, the color of the rock through- 
out seems to be determined largely b}^ the relative abundance of the different colored 
sediments from the Stuver series. 

Northward from the mountains the rocks, though distinctly sedimentary, contain 
also some detritus of igneous rocks, as fragments of feldspar and some dark mineral, 
apparently augite or hornblende. The igneous rocks f roiu which such sediments 
have been derived probably occur in the mountains lying far east or southeast of the 
plateau, as none were observed in the mountains in the region of the Anaktuvuk. 

(Jonglomemte is apparently rare in the series, having been observed at but a 
single place — on the right bank of the Anaktuvuk about 2 n)iles below the mouth of 
Willow Creek, where it is exposed in a low point, interbedded with a few lens-like 
layers of sandstone. The conglomerate is typicallj" rather fine, with scarcely a 
pebble exceeding three-fourths of an inch in diameter. The pebbles and cement are 
composed largely of sediments of the Stuver series, white quartz and dark or slate- 
colored flint being the most conspicuous. The pebbles are noticeable for their 
angularity, suggesting glaciation about the time the series was deposited. The 
cementation is relatively firm for a young rock, but is not comparable with that in 
the Stuver or Fickett series. The cement is mainly siliceous, but contains also 
calcareous material, probably derived from the Lisburne formation. 

Owing to the low^ relief and the covering of drift and moss, no accurate idea 
can be formed of the thickness of the Anaktuvuk series, but it is estimated to be 
at least 2,000 feet. 

Struct N7*r, — The strike of the Anaktuvuk series is approximately east and west, 
agreeing in this n^spect with the several series of ro<*ks that compose the range to 
the south. Broadly considered the structure seems monoclinal. The rocks in 
general dip gently northward at varying angles, })ut subordinate gentle anticlinal 
and synclinal folds are present, the latter being occasional!}' oi)en. These were 
probably caused ])y the same mountain-building forces that were exerted in the range 
to the south. This is suggested by the fact that the trend of the more pronounced 
folds in the i)lateau is parallel with the main folding of the range, as if all belonged 
to the same system. Besides the eiust-west major flexures, the plateau is also 
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traversed by a subordinate or minor system of cross folds or warpings, with axes 
trending north and south, giving rise to occasional low domes, as shown in fig. 3 
(p. 46), which also shows that the region has been subjected to considerable denudation. 

The series is freely traversed by two systems of jointing, as shown in PI. XI, B. 
Of these, what seems to be the dominant or major system trends nearly northwest 
and dips southwest at an angle of 80^, while the minor system traverses the rocks at 
nearly right angles to the major, trending northeast, with dip 80° SE. Both 
systems seem to roughly correspond in trend with the similar structures in the 
Paleozoic rocks in the mountains to the south. 

Age, — It has been determined, on paleontologic evidence, that the Anaktuvuk 
series is Lower Cretaceous. It contains typical Axicdla beds of Alaska. The first 
fossils collected by the writer were found 8 miles north of the foot of the mountains. 
Subsequently others were found at several points farther north, principally at the 
first cross ridge on the Anaktuvuk, and in the bluff at the mouth of Willow Creek. 
Of these fossils the most characteristic, as determined by Doctor Stanton, are 
''^Aucdla erassicollis Keyserling, or closely related forms, and are of Lower Creta- 
ceous age. 

It should be borne in mind, however, that while its Jurassic forms prevent the 
Corwin series from being included with the Anaktuvuk series as Lower Cretaceous, 
it is not improbable that the discovery of such forms in the future may place the 
lower portion of the Anaktuvuk series, now assigned to the Lower Cretaceous, in 
the Jura-Cretaceous, since no fossils have yet been found in the extreme basal por- 
tion of the Anaktuvuk rocks. 

Correlation. — On paleontologic grounds the Anaktuvuk series may be directly 
correlated with the Koyukuk series, next to be described. The rocks of the former, 
however, are free from all trace of igneous intrusions, while the Koyukuk series is 
associated with igneous rocks,* as dikes, and probably also as flows.* 

Lithologically the Anaktuvuk rocks bear little or no resemblance to the Mission 
Creek series, assigned to the Cretaceous by Spurr,^ nor to the Kennicott formation 
or the Orca series of the Copper River district. As shown in the table of provisional 
correlation, several other series of rocks found elsewhere in Alaska have also been 
referred to the Cretaceous — the Matanuska series by Mendenhall, between Resurrec- 
tion Bay and Tanana River; the Tordrillo, Holiknuk, Kolmakof, and Oklune by 
SpuiT, in southwestern Alaska; and the Cantwell conglomerate by Eldridge,*' in the 
Sushitna River region. 

aSchrader, F. C, Reconnaissance along the Chandlar and Koyukuk rivers, Alaska: Twenty-first Ann. Rept. U. S. 
Geol. Survey, pt. 2, 1900, p. 477. 
b P. 78, this paper. 

o8purr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1898. 
dEldridge, G. H., A reconnaiaaancein the Sushitna Basin, Alaska: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1898. 
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The Bergman series consists essentially of thin- or medium-bedded, impure, gray 
or brownish sandstone and dark slate, with some dark shale and occasionally con- 
glomerate, but along the north it is bordered by a belt of conglomerate about 10 
miles wide which is apparently the basal member. The sediments of the series have 
been derived very largely from igneous rocks, as is shown by the generally feldspathic 
constituents of the sandstones and the presence of l>asaltic, diabasic, and granitic 
pebbles or finer detritus in the conglomerate on the lower part of Alatna River 
and at Lookout Mountain. The supposed basal belt of conglomerate along the north- 
ern border, however, so far as it was observed in the John River region, is com- 
posed essentially of the debris of limestone and mica-schist derived from the Skajit 
formation and the Totsen series, on which latter it unconformably lies. This con- 
glomerate is normally coarse, and in some instances contains bowlders. 

Owing to the wide separation of the outcrops visited, data for forming an ade- 
quate estimate of the thickness of the Bergman series have not been obtained. From 
a general impression, however, it seems safe to suggest that it is probably at least 
2,000 feet. 

Structure. — ^The Bergman series, like the Koyukuk series to the south, has been 
considerably folded and somewhat faulted, but apparently to a less degree than the 
latter. Faulting has been observed on Koyukuk River just below Bergman and 
farther downstream, below Kanuti River. Though local folding has been pronounced, 
and the rocks are sometimes highly tilted and stand on edge, the prevailing dip of 
the series seems to be gently southward. On the whole the series does not seem to 
have received from the geologically late crustal movement the widespread tilt exhib- 
ited by both the Anaktuvuk series on the north of the range and the Koyukuk series 
on the south. Lookout Mountain apparently represents part of an anticlinal fold 
occurring in the series. Here the beds strike a little north of west and dip south 
at an angle of about 80'^. A pronounced jointing trends northwest and dips 80° 
NE. A minor jointing trends north and dips east at an angle of 80^. On the north, 
where the beds apparently rest against the Totsen series, the dip is south at an angle 
of about 40^. 

A(/c\ — In 1899, owing to the presence of coal, lignite, and fragmentary plant 
remains in the beds, notably above Tramway Bar, and the resoniblance of the beds in 
man}' instances to the Kenai formation occurring elsewhere in Alaska, it was con- 
jectured that the rocks might be Tertiary and in part Kenai. The more extended 
observations made during the last season, though a large area of the series was 
traversed, have thrown no more definite light on the subject, for determining fossils 
were not found. It has been shown, however, that between Bergman and John 
River the series hears a marked resemblance lithologically to the Anaktuvuk series, 
or Lower Cretaceous, and that its rocks, on the whole, are more indurated than the 
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coal-bearing Upper Cretaceous or Nanushuk series, both occurring in the Arctic slope 
region. Judging from this, and from the seemingly close relationship of the Berg- 
man series to the Lower Cretaceous or Koyukuk scries, and the bituminous character 
of its coal content (No. 187 in table of analyses, p. 114), it seems probable that on 
further investigation the Bergman series is more likely to prove to be Cretaceous 
than Tertiary. 

NANUSHUK SERIES (UPPER CRETACEOUS). 

Chavdcter and occurrence, — This series is named from Nanushuk River, the native 
name of the stream on which it occurs, and which flows into tlie Anaktuvuk north of 
the middle of the belt. The series lies north of the Anaktuvuk series, which it seems 
to overlie unconformably, and is itself in turn overlain by the Tertiary Arctic coast 
strata, with which its relations are apparently also unconformable. The unconform- 
ity between the Anaktuvuk and the Nanushuk is inferred from the difference in the 
topography and the marked change in the character and attitude of their rocks. In 
the most northern observed exposure of the Anaktuvuk the dip is north, while in 
the most southern of the Nanushuk it is steeply south. The north-south width of 
the series, in the region of the Anaktuv^uk, is about 30 miles, while its east-west 
extent is not known. It is probable that to the east it is soon delimited by the 
Anaktuvuk series, lying between it and the Paleozoic^ at the foot of the range. 
Westward, or rather northwestward, it may possibly extend to the Arctic coast, 
in the region between Point Barrow and Wainwright Inlet, but of this we have no 
paleontologic evidence. 

Along Anaktuvuk River the topography of the Nanushuk series is of a character 
intermediate between that of the gently undulatory region of the Lower Cretaceous 
or Anaktuvuk series and that of the flat Tertiary coastal plain, whose tcrranes will 
be next described. 

The rocks of the Nanushuk series are best exposed in the north bank of the 
Anaktuvuk about 5 miles above the mouth of Tuluga River. The exposure occurs 
in a bluff about three-eighths of a mile long that rises steeply 120 feet above the 
river (PI. XII, ^1). The rocks, which here have a steep dip, are mainly thin bedded 
(PI. XII, B), The beds ninge from 3 to (> inches in thickness and exhi})it nipid 
alternation. They consist of gray and brown sandstone, generally tine grained and 
sometimes friable, with some gray and impure fossiliferous limestone, dark shale, 
fine-grained gray (|uartzite, dni})-colored and green chert, and black slate, stained 
reddish along the joints. Coal of good quality is also present (see analysis 107, 
p. 114). The beds strike N. 82^ E., and dip south at an angle of 80-. 

The above exposure seems to represent part of the south or upstream limb of 
an anticlinal fold which has been beveled ofl" by erosion, for farther downstream the 
dip is north. Similar beds, probably belonging to the same series, were encountered, 
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but not examined, about 10 or 12 miles above this point on the op|>osite side of the 
valley. Northward toward the Colvillc, where they are finally succeeded by the 
younger formation of the Tertiary coastal plain, the beds seem to lie more nearly 
horizontal. They possibly floor the valley and form the bed of Colviile River 
down to about 5 miles below the mouth of the Anaktuv^k. Here are rapids which 
probably mark the termination of the scries in the river bed, though the rocks are 
no longer exposed in the banks. Below this point the bed of the Colviile appears to 
lie in the younger and softer formations of the coastal plain, and the current continues 
slack nearly all the way to the coast. 

Structure, — So far as observed, the strike of the Nanushuk series is about east and 
west, and though, from comparison with some of the older rock series, we might 
expect the prevailing dip to be northward, observation has hardly been sufficient to 
affirm that it is so. The apparent existence of at least one pronounced anticline has 
been shown in the previous paragraph. The series is ti'aversed by a system of 
approximately horizontal jointing (PI. XII, E). 

Age, — On paleontologic evidence the Nanushuk series is assigned to the Upper 
Cretaceous. The fossils w^ere nearly all collected in the locality above described — on 
the north bank of the Anaktuvuk 5 miles above the mouth of the Tuluga. They 
have been identified by Dr. T. W. Stanton, who reports the lot to be certainly of 
Upper Cretaceous age. The forms identified are as follows: 

Fossils of the Xnywshuk serU's from f}a7)k af Ayi/ikinruk Riirr 5 mites tOtove immth of Tuluga River. 

Inooeraniup, a rather large species, fragineiitary Hi>ecinienH. 

A small Astarte, nuincroiiH HiHH.'iinens. 

Nuciila, numerous HiHH'imeiiH. 

Avieula. 

Pei^timculus, several speeimens. 

Thracia. 

Tellina, 2 species. 

Siliqua. 

Modiola. 

Scaphites. 

Haminea. 

Besides the above, there are casts and impressions of numerous bivalves not yet 
determined. 

Concerning the above list. Doctor Stanton remarks that the species are all ap|>ar- 
ently different from those with which he is familiar, but that sevenil of them are of 
types known only in the Upper Cretaceous. 

6/>/vv/<//A>//. -Upper Cretaceous rocks occur also to the south of the Endicott 
Mountiiins in the Koyukuk and Yukon Basin, ])etweon the southern edge of the 
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area here discuSvSed and Nulato, and include, in part at least, the so-called Nulato 
sandstone. A description of this series was given in a previous report. ^ The fossils 
on which the assignment is made were collected by the writer in 1899 in the 
Nulato sandstone between Pickart's coal mine and Nulato, and are of interest as 
being the first Upper Cretaceous fossils found in Alaska. Of this collection, Doctor 
Stanton has reported tho following fonns, and refers the beds to about the same 
horizon as the early Chico of the Pacific region in the United States: 

l^)per Cretcuxous fossils from the Yukon Basin, 
Ostreo. 

Anomia. 

Mytilus. 

Cardium. 

Opie? 

Lucina. 

Trigonia cf. T. leana Gabb. 

Corbula. 

Actaeonella cf. A. ovifonnis Gabb. 

East of the international ]>oundary both Upper and I^ower Cretaceous fossils 
have been foimd on the Porcupine by Mr. R. G. McConnell, of the Canadian geo- 
logical survey.* 

TERTIARY ROCKS. 

COLVILLE 8ERIE8 (OLKKXJENE AND PLIOCENE). 

Cha/racter and occurrejice, — ^The Colville series is named from the large river 
along which it occurs and is excellently exposed. It is a series of Tertiary terranes 
which underlies the flat tundra country, or Arctic Coastal Plain, that succeeds the 
more southerly rolling plain formed by the Upper Cretaceous or Nanushuk series, 
which it apparently unconformably overlies, being itself in turn unconfomiably 
overlain by tlie Gubik sands. The strata which have been thus grouped extend 
along the Colville from some distance above the mouth of the Anaktuvuk nearly 
to the Arctic coast, occupying a belt 80 to 100 miles wide. Judging from tho 
topography, the series probably has a very considerable extent in an east-west 
direction, possibly reaching the northwestern coast in the region of Point Barrow 
and farther southward. It also appears along the northern coast in places between 
Point Barrow and the mouth of the Colville, but hius not })een recognized. 

The inland edge of the coastal plain, formed essentially by this series, has an 
elevation of a])out 800 feet, from which, with very gradual slope, the surface descends 
approximately to sea level at the coast. Beyond this, the very graduall}^ deepening 



aSchrader, F. C, Roconnais«an(re along the Chandlar and Koyukuk rivers, AInHkn : Twonty-first Ann. Kept. U. H. 
Geol. Survey, pt. 2, 1900. 

ft Ann. Kept. Geol. and Nat. History Survey of Canada, vol. 4, 188^1889, Montreal, 1J<90, pp. H'2-125 P. 
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8ea floor seems to he its continuation. ThuH the subaerial tundra country and the 
submarine coantal shelf ahnost appear to be parts of the same plain. Beneath the 
sea, deposition is still active, while on most of the surface of the subaerial portion of 
the plain the work of erosion has hardly \'et begun. 

The series consists principally of heavy -bedded silts, soft sandstone, limestone, 
shale, and lignite. It is best exposed along the Colville in the region of the mouth 
of the Anaktuvuk, where it forms steep- faced bluffs about 200 feet in height, extend- 
ing for a number of miles both up and down the river (PL VIII). 

Structure, — ^The Colville series has been but little disturbed. The beds lie nearly 
horizontal. On the left bank of the Anaktuvuk, 10 or 12 miles above its mouth, 
they dip southward at an angle of 4^ or 5^, but from near the mouth of the Anaktu- 
vuk, along down the Colville nearly to the coast, they dip northward or northeast 
ward (see PI. VIII), so gently that great care is required to detect the introduction of 
successively newer and younger beds, as one ascends the geologic section in pro- 
ceeding northward downstream. In the vicinity of the mouth of the Anaktuvuk 
some very broad, shallow depressions or folds are revealed. Above the mouth the 
dip is northward, at an angle of 8^ to 10^, but a few miles below it is southward at 
about the same angle, so that the lower part of Anaktuvuk River seems to lie in a 
very shallow syncline. 

Besides this gentle folding, the beds have also suffered slight faulting (see PI. 
Vin, B). The maxinmm vertical throw in the faults observed is about 2 feet. 
Lateral crowding has also taken place, producing local crumpling cr folds and small 
overthrusts, as shown in PL VIII, B^ C, and PI. XIII, A. In nearly all cases 
the crowding or thrust seems to have come from the south, indicating that crustal 
movements have apparently taken place in the mountain region in geologically 
recent time. The inland or upstream side of any particular stratum which has been 
broken or disturlKKl has V^een crowded or overthrust onto the coastal or downstream 
side of the same, often producing a short overlap. Disturbance, however, is hardly 
noticeable in the younger Pliocene portion of the beds toward the coast. 

Observations made along Colville River indicate that the series has a thickness 
of 500 or 600 feet. 

On account of difference in degree of consolidation of the beds, together with 
their fossil and lignite contents, the series has been separated by the writer into two 
parts, upper Colville and lower Colville. It is possible that an unconformity may 
exist between the lower and upper parts of the series, but if present it must be very 
slight. 

Dnner CoIviUe {Ofifjoce/u), — This constitutes the main portion or lower three- 
fourths of the section exposed at the mouth of the Anaktuvuk. It is about 150 foet 
thick, while the upper Colville at this same locality is about 40 to 50 feet thick. 
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The lower Colville contains the more indurated class of rocks and consists mainly 
of partially consolidated silts in beds 6 to 8 feet in thickness. They are usually light 
slate-colored or ash-colored, and constitute about one-half of the lower Colville 
section, and are generally much less consolidated toward the top than near the base. 
The harder rocks, which increase in volume toward the bjise of the section, include 
impure, dull gray, medium to fine grained sandstone with detrital lignitic plant 
remains; slate-colored and brownish calcareous shale, with disseminated undeter- 
minable vegetable detritus; lignitic coal in layers 1 to 5 feet in thickness; dark 
slate-colored or brownish chert, containing cavities incrusted with chalcedonic silica; 
rusty brown, very ferruginous sandstone or impure iron stone, and some iron- 
stained siliceous conglomerate, which also contains lignitic vegetable remains. 
There are also a few layers of hardened silts, forming a rock of very fine texture, 
resembling soft, smooth hone stone. 

The lower Colville is tentatively classed as Oligocene, on account of the presence 
in it of lignite beds and vegetable remains, and from its resemblance to the Kenai 
beds occurring elsewhere in Alaska, and also on the ground of its relation to the sup- 
posed Pliocene silts which it immediately underlies. Several specimens of the shale 
collected from it, bearing lignitic plant remains, were examined by Doctor Dall, 
who reports that "the vegetable fragments are probably the needles of Seqvma 
langsdorffii Heer. These beds containing vegetable remains in northern Alaska are 
usually Upper Oligocene." 

Upper Colville {Pliocene). — ^This portion of the section is practically free from 
indurated rock. It consists of nearly horizontally stratified beds of fine gray, slate- 
colored, or ash-colored calcareous silts, containing faunal remains. It is tentatively 
assigned to the Pliocene on the basis of fossils collected in place by the writer in the 
bluflf (near its top) on the west side of the Colville about a mile north of the seven- 
tieth parallel (PI. XIV, A). These have been reported on by Doctor Dall as follows: 

Fossils from upper ColviUe series in bluff ori west sid^ of Colville River 1 mUe north of seventieth parallel. 

Chrysodomus, 2 8i)ecies, both undescTibed and very interesting; the first Tertiary arctic shells 
(not Quaternary) I have ever seen. Perhaps they are Pliocene. 
Amauropsis sp., fragments. 
Tachyrhynchus polaris Beck. 
Macoma frigida Hanley. 
Macoma incongnia von Martens. 

Astarte semisulcata Leach (possibly Quaternary intrusion). 
Saxicaya arctica h. 
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PLEISTOCENE DEPOSITS. 
GLACIAL DKI»OSIT8 AND GLACIATION. 

Glaciation in geologically recent time in northern Alaska has not been of a con- 
tinental character comparable to that of the northern United States and of the Cor- 
dilleran glacier, which overspread the vast field of the Pacific coast mountains in 
southern Alaska between the Yukon and the coast. It has been far more extensive, 
however, than has generally been supposed. In the valleys nearly everywhere 
within the Endicott Range evidence of ice action is shown by bed-rock scoringfs, 
local roches moutonn^es, terminal moraines, and deposits of till on the lower valley 
slopes and benches. It has modified preexisting topographic forms, both by erosion 
of the rocks and by deposition of drift. In some cases, as revealed in places by 
erosion of the glacial deposits, steep-faced bed-rock benches in the sides of the val- 
leys were covered and concealed by the drift, whose surface slopes gently down from 
the steep mountain side a distance of one-half mile or more, nearly to the present 
stream (PL XIV, B). 

In the lower part of the intramontane section of John River, where the valley 
occasionally widens, it is sometimes floored by a till sheet, from 50 to 100 feet 
thick, containing ponds and lakelets, some of which seem distinctly to be of glacial 
origin. Till is prominent also in the mouths of some of the side valleys, as Till Creek 
Valley, which opens into that of John River on the east at about the sixty-eighth 
parallel. Here good exposures show the deposit to be typical till. It has a thick- 
ness of at least 100 feet, and forms a broad terrace or sort of small, triangular 
plateau a mile or more in extent, occupying the mouth of the side valley. It slopes 
westward, to where John River has been crowded to the bluffs on that side of the 
valley. On the east it overspreads and conceals the lower benching and bed-rock 
topography. Till Creek, a torrential stream, flows in a small canyon whose steep 
banks are fonned of the bowlder clay or ground moraine. 

In the region of Fork Peak, near the head of John River, at the confluence of 
several of its tributaries, the valley is wide and open and is floored by a till sheet at 
least 150 feet in thickness. The surface declines to the southwest, denoting that the 
deposit has largely come from the northeast, a view which is supported by bed-rock 
striai farther down the valley. The till ascends the northwest slope of Fork Peak to 
an elevation of 2,500 feet, and may continue much higher, but becomes obscured by 
younger talus and coarse debris of doubtful character, which, however, also exhibits 
an ill-defined terminal moraine topography. At the elevation of about 3,500 feet is 
a bench overlain by talus and drift, which, judging from topography, was probably 
largel}' deposited by a local hanging glacier. 
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The John Valley till sheet extends across the divide by way of Anaktuvuk Pass 
and is continuous with that of the Anaktuvuk Valley and the Arctic slope. At the 
pass the valley is 3 miles wide and open, and its surface is so flattened with infilled 
drift that the small streams descending- from the mountains in this locality are 
deflected by the merest obstacle to either side of the divide, flowing sometimes north- 
ward by way of the Anaktuvuk to the Arctic, and at others southward to John River 
and the Yukon. 

At the pass occur lakelets of glacial origin. One of these, Cache Lake (PI. X, B)^ 
just northeast of the divide, is 30 feet or more deep. Its surface lies about 100 feet 
below that of the adjacent ground moraine, giving for the till sheet here a thickness 
of at least 130 feet. Just south of the pass the till sheet formerly extended entirely 
across the valley, as is shown by the flat-topped outlying remnants of ground moraine 
in its middle. These rise to the height of more than 100 feet above the stream, 
and accord in level with the ground-moraine terraces on either side. 

On the whole, the till sheet in this northern part of the range seems rarely to 
extend up the side slopes to more than 500 or 600 feet above the floor of the valley. 
Judging, however, from the rounded and sometimes relatively flat-topped aspect of 
the mountains near the middle of the range (Pis. XIV, B^ and XV, J.), certain areas 
were not only occupied by an ice cap, but the tops of some of the lower mountains 
were planed off by ice movement. 

Naturally, the side valleys in this region were among the last to become free 
from glaciers, some of which probably remained long after the disappearance of the 
ice from the adjacent parts of main valle^^s. This is shown by the presence of rela- 
tively fresh terminal moraines in the side valleys. Four miles northwest of the 
middle of John River Valley the small valley of Contact Creek is crossed by such a 
moraine. I^ is typical, being about 60 feet high and one-fourth of a mile in length, 
measured parallel with the valley. A similar but older feature occurs in John River 
Valley, near the middle of the range, about 12 miles in direct line south of the sixty- 
eighth parallel. Here the valley flat is crossed by a terminal moraine about 60 feet 
high, a portion of which is shown in PI. XV, B. It still forms a continuous ridge or 
dam across the valley, except where the river has cut a notch-like passage, 200 yards 
wide, at the left. At the right the moraine seems to be continuous with the till sheet, 
which is 10 to 20 feet thick, and rests on the bed-rock benching at a height of about 
100 feet above the river. As seen in looking parallel with the valley, the ridge 
present^ an undulating profile and is sharp-cresti^d, owing to its upstream side being 
cut away by the river. Though it exhibits but little of the typical hummock-and- 
kettle topography of a terminal moraine, it is composed mainly of t^^pical bowlder 
clay carrying striated pebbles and bowlders, some a foot or more in diameter. The 
materials noted are of the same constitution as those of the river gravels, there being 
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no erratics. The principal surface or front of the moraine, which slopes southward, 
supports a growth of spruce, some of the trees having a basal thickness of 1^ feet 

A few miles al>ove this moraine occurs the last lingering renmant of the John 
Valley Glacier. It consists of a lone, roughly circular mass of ice about 300 feet in 
diameter, rising from the middle of the gravel-covered valley flats to a height of 60 
feet, as shown in PI. XV, A. At the top the ice terminates in several distinct knob- 
like prominences, projecting 10 to 20 feet above the main mass. One of these is 
cylindrical or pipe shaped. The others are crudely pyramidal. The ice is partially 
capped and flanked by a deposit of genuine till from one to several feet thick, to 
whose protection it doubtless in large measure owes its preservation. From three 
sides small streamlets of light-colored mudd}' water, arising from the melting of the 
ice and thickened with glacial rock flour from the till, flow down and deposit their 
load of fine, argillaceous sediment over the flats around the foot of the mass. This 
glacial mud is of very light color. It is sticky, and differs decidedly from the present 
stream deposits of the valley. This ice mass is undoubtedly' a remnant of the John 
Valley Glacier. Its presence at this late date, after apparently all the other glacial ice 
has disappeared from the surrounding region, together with the romided topography 
of the adjacent mountains, already noted (PI. XV, A)^ suggests that this locality is 
probably near what was the belt of maximum precipitation, and consequently of 
maximum ice accumulation, that tmversed the mountains during Glacial time, and 
is therefore among the last to become free from ice. 

In the north slope of Anaktuvuk Pass, between John and Anaktuvuk rivers, the 
till topogmphy is locally rough and in part terminal morainic. North of Cache Lake 
it (contains oc<Misional stretches of distinctly termino-lateral moraine, trending toward 
Anaktuvuk River, and for the last 10 or 12 miles of its course, before leaving the 
mountains, the Anaktuvuk meanders sluggishly through a belt of flats one-half mile or 
more in width, which lie about 100 feet below the surface of the till sheet or ground 
moraine on either side. This till sheet, with a slope that rises gentlj' in the main, but 
which is sometimes terraced, extends from the edge of the flats to the base of the 
mountains, li miles distant. Near the flats the topography is often of a morainic 
type, being composed of characteristic hummocks and kettles, and undoubtedly 
represents a lateral moraine, deposited along the edges of the valley glacier that 
occupied the flats toward the close of Glacial time. 

The height to which the drift, as a sheet, rises along the northern edge of the 
mountains away from the Anaktuvuk Valley was not determined. Judging from 
distant observations, however, it in some cases probably ascends the valleys to 800 
to 1,000 feet alx)vc the general level of the Anaktuvuk Plateau. 

As Anaktuvuk River leaves the mountains its current becomes less sluggish and 
its channel is soon beset with glacial bowlders. At about 4i miles from the edge 
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if by ice action, but the evidence as to the agency is not conclusive. On descending 
the slope northwestward, however, toward the Anaktuvuk, erratics of the Stuver 
conglomerate were found at an elevation of about 1,650 feet. The surface in this 
locality, however, is so densely covered with moss that drift may extend above this 
elevation and yet not be exposed. But on the whole, from this point northward, the 
till seems rapidly to become restricted to the lower side slopes of the valley, where 
it forms low bluffs and terraces. 

About 14 miles below Willow Creek, near camp August 5, bluffs of probable 
till, resting against the bed-rock sides of the valley, rise to a height of 125 feet 
above the valley flats, and there, apparently as a thin veneer, the deposit over- 
spreads the adjacent bed-rock bench. This bench is half a mile or more in width, 
nearly flat topped, and densely covered with vegetation, so that away from its 
river edge no satisfactory^ examination of the deposit could be made. A few 
hundred feet above the upper or distal edge of the bench, however, are outcrops 
of sandstone, presenting no drift or indication of ice action. 

Twelve miles north of the al>ove locality, about five miles above the mouth of 
Tuluga River (see PI. XII, A)^ a similar bench, lying at 100 feet above the river, is 
capped by a deposit of gravel and sand 20 feet in thickness. Some of the pebbles 
approach the size of bowlderets, and even bowlders. Though they are waterworn, 
no stratification is apparent in the deposit, which has much the aspect of a sandy till. 
Its position suggests that it may have been deposited here by waters from the glacier 
that possibly occupied the valley at this point. The deposit may, however, be 
fluviatile. 

Sixteen miles farther down the Anaktuvuk, about 10 miles above its mouth, the 
bluff on the left is again capped by from 10 to 40 feet of sand and gravel, in which 
the gravel is more distinctl}^ washed and rounded than in the deposit above noted, 
but the absence of stratification and the character of the material again suggest that 
glacial waters may possibly have been an agency in its deposition. If this inference 
is correct, the ice stream which occupied the Anaktuvuk valley must have extended 
down nearly to this point. There is, however, no reason to suppose that it extended 
below it. On the adjacent part of Colville River there seems to be no evidence of 
glaciation within a score or more miles above the mouth of the Anaktuvuk. The 
drainage of this section of the Colville does not seem to have been interrapted since 
the Tertiary. 

From the conditions above described it is concluded that in the region of the 
Anaktuvuk Valley, in that portion of the Colville Basin embraced by the curving 
front of the Endicott Mountains, an ice sheet in the form of a small regional or pied- 
mont glacier, gradually thinning out toward the north, extended from the front of 
the range northward across the inner part of the Anaktuvuk Plateau to the region of 
Willow Creek, a distance of 30 or more miles. Beyond this point ice flowage seems 
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to have been confined substantially to the present drainage ways, in the form of valley 
glaciers, of which that of the Anaktuvuk is the chief. 

There is evidence that the Anaktuvuk glacier extended northward to the sixty- 
ninth parallel, and there are some indications that it may possibly have extended 30 
miles farther, to within 10 or 12 miles of the present mouth of Anaktuvuk River, 
but it is not to be supposed that it crossed Colville River, if indeed it ever reached 
it. This latter statement is probably also true of the ice streams to the west that 
must have occupied the valleys of Ninuluk, Killik, Kurupa, and Kuchor creeks, 
which enter the Colville a little north of the sixty-ninth parallel. 

It does not seem probable that the drift sheet on the Arctic slope much exceeds 
150 feet in thickness at any point. It apparently attains its maximum development 
in the valleys, not far from the mountains, the source of supply. Elsewhere on the 
slopes its surface seems to conform very largely to the preexisting topography of 
the underlying terranes. 

In the southern part of the Endicott Mountains, evidence of glaciation, as has 
been shown, ma}' be found up to an elevation of nearly 2,000 feet. From the point 
where John River leaves the mountains, southward to the region of Kanuti River, 
the Koyukuk Valley region exhibits a generally rounded topography , which suggests 
former glaciation, up to a height of 1,600 or 1,800 feet. On John River, near the 
base of the mountains, the drift, so far as observed, is essentially till. In some 
localities the deposit is at least 100 feet thick, and is marked by several terraces that 
rise successively from the river to the southeast, above which the surface continues 
to have a rolling, apparently ground-moraine topography, that finally gives way to 
low, rounded mountains or hills, which also are supposed to be glaciated. 

Observations in the above region away from the immediate route of travel were 
very limited. Along the route, however, glacial drift seems to be more or less 
continuous all the way down the open flats of .John River Valley, as is shown by the 
topography and by occasional exposures of till rising to a height of 30 or 40 feet 
above the river or resting in thinner sheets on the bed-rock benches at elevations of 
from 30 to 100 feet above the stream. 

Till is present near the mouth of John River and on the right or west bank of 
the Koyukuk l^etween Bettles and the mouth of Jane Creek, where it forms bluft's about 
100 feet high. Similar conditions seem to prevail to the eastward, in the region of 
Gold Bench" on South Fork, whence they apparently continue northeastward across 
the divide into the Chandlar River Basin, where till deposits similar to those on John 
River have been noted in a previous report, and have since been observeii to extend 
up Granite Creek.* 

a When the only opportunity for making observationn at Gold Bench was presented, 5 feet of snow lay on the grround. 
6 Reconnaissance along the Chandlar and Koyukuk rivers, Alaska: Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 2, 
1900, p. 478. 
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No glacial drift was noted on the top of Lookout Mountain, and, as the surface 
was deeply snow covered at the time it was visited, the elevation to which the drift 
ascends on its slope could not be learned. Southward, on the northeast side of the 
lower Alatna Valley, what seem to be till terraces occur along the south side of 
Double Mountain up to a height of 1,600 feet. 

Just below the mouth of the Alatna the right bank of the Koyukuk presents a 
steep-faced exposure of clay and gravel, rising 80 to 100 feet above the river." The 
lower 50 feet of this section seems to be till, and is distinctly separated by a well- 
defined contact from the upper portion, which consists mostly of gravels and silts, 
some of which are discordantly stratified. 

From the character of the topography glacial drift is supposed also to occur on 
the opposite side of the Koyukuk and to extend southward toward the mouth of 
Elanuti River. Mr. Mendenhall reports that in the country lying north of this 
region, on the upper waters of the Alatna and the Kowak, above the sixty-seventh 
parallel there is evidence of glaciation similar to that in the same latitude on John 
River. Furthermore, in the recent gravels along the Koyukuk near Bergman, 
notably on the south side of the river, there are large granitoid bowlders, totally 
foreign to the country rock of the region. These may have been brought here 
through the agency of river ice from far up the valley of South Fork, but it seems 
equally probable that they may have been brought by glaciers from the mountains 
to the north where similar rocks in place are known to occur. 

The hill just west of Bergman consists of Bergman sandstone, but on its slope, 
at a height of nearly 200 feet above the river, there is a gravel deposit 'composed of 
heterogeneous materials. An examination, as thorough as could be made under 
unfavorable conditions, indicates that ice a(*.tion was concerned in its origin. It con- 
tains characteristically angular and subangular ice- worn pebbles, with polished sur- 
faces, often profusely striated. The strisB are of distinctly glacial origin and can in 
no wise be ascribed to the action of river ice. 

From the above-enumerated observations in this southern part of the field it is 
inferred that glaciation extended from the mountains southward into the Koyukuk 
Basin across the Arctic Circle and beyond Bergman, but observation has not been 
sufficient to determine whether this extension was in the form of a continuous ice 
sheet, or merely as valley glaciers. From topographic criteria, however, it seems 
probable that most of the hills below 2,000 feet were covered by ice or n6v^, while 
such peaks as Mount Lookout and its higher fellows appeared as nunataks above its 
surface, and that glacial activity, or ice work, was largely restricted to the valleys 
and lower reaches of the hill slopes. 

In the John River and Anaktuvuk River portions of the Endicott Mountains the 



aT)^ bluff is the Unatlotly of the natives. 
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glacier ice (save the single instance cited on John River) has disappeared. To the 
east, however, as noted under ''Previous explorations," prospectors and whalers 
who have crossed the range in the vicinity of the one hundred and forty-ninth 
meridian report the presence of valley glaciers of considerable size. 

The glacial phenomena that have been described tend to show that, although the 
Endicott Mountains (PI. VII) do not on the whole seem to have be^n overridden 
en masse by a moving ice sheet, they were doubtless, especially in their northern 
part, largely occupied by an ice cap or perennial n^vd, constituting a breeding ground 
for glaciers. The zone of maximum snowfall, and consequently of maximum ice 
accumulation, trending in an east- west direction, was apparently in the northern part 
of the range at least somewhat north of its median line. From this zone the ice 
moved off to the north and to the south, respectively, into the Colville and Koyukuk 
basins. Its flowage, especially during the latter part of the Ice age, was confined 
mainly to the valleys and drainageways in the form of alpine glaciers, of which there 
is ample evidence. But there is also good reason to believe, as shown by the till 
sheet north of the mountains, that during the zenith of the Ice age the northern 
edge of the range was occupied by a more or less extensive ice sheet, which, as a 
small regional or piedmont glacier, thinning out toward the north, extended north- 
ward over a considerable portion of the Anaktuvuk Plateau, its occurrence at that 
time being, perhaps, similar to that of the Bering or Malaspina glaciers of to-day. 

GROUND-ICE FORMATION AND KOWAK CLAV. 

At some localities along the Arctic coast there are stretches of low bluffs or 
banks of ground ice overlain by a deposit of dark muck and moss several feet in 
thickness. Deposits of light-colored clay also are occasionally seen. The occurrence 
and distribution of these deposits appear, in a measure, to be as represented by 
Doctor Dall on his map of the ''Known distribution of the Neocene formations in 
Alaska. "« 

The ground-ice formation was hitherto supposed to be of very widespread occur- 
rence in this Arctic region. To give an idea of the evidence on which this supposi- 
tion rests I shall here freely quote from Doctor Dall's report,* 

'' From information gathered from several masters of vessels in the whaling 
fleet, and derived from experience gained in the effort to dig graves for seamen who 
had died aboard vessels on this shore from time to time during the last twenty years, 
it would appear that somewhat north of Cape Beaufort the land between the low hills 
and the sea is low and the soil chiefly a sort of gravel. ' At a depth of 2 feet is a 
stratum of pure ice (not frozen soil) of unknown depth. This formation extends, 
with occasional gaps, north to Point Barrow, and thence east to Return Reef, where 

a Dall, W. H., Correlation papers, Neocene: Bull. U. S. Geol. Survey No. 84, 1892, oppoeito p. 268. Becker, G. F., Recon- 
naissance of the gold fields of southern Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, pi. i. 
bOp. cit., p. 264. 
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the ice layer is about 6 feet above the level of the sea. It goes south at least as far 
as Icy Cape without any decided break, and is found in different localities as far 
south as Kotzebue Sound.' At Point Barrow, near the international station, under 
the direction of Lieut. P. H. Ray, U. S. Army, a shaft was sunk to a depth of 37 
feet 6 inches, which passed through successive layers of mud, sand, and fine gravel, 
with fragments of driftwood and marine shells, showing here and there large frag- 
ments of pure fresh-water ice, but no continuous stiutum of ice. The formation 
here was clearly a beach alluvium, and relatively modern, a pair of Eskimo wooden 
snow goggles with sinew string still attached to them being found at a depth of 27i 
feet. The temperature of the earth varied from —5^ to +17.5° F.; below the 
influence of the external air the temperature of the earth was quit« steady at 12° F. 
for nine months. The earth was frozen and was extremely hard and tough. Blasts 
put into the side of the shaft blew out without shattering the frozen earth around the 
drill hole. It is probable that excavations farther inland might have revealed the 
ice layer, which at the locality of the station did not exist." 

The observations made by the writer, while boating along the coast, lead to the 
inference that the ground ice is not of so widespread occurrence as the above quota- 
tion indicates. Between the Colville and Point Barrow the ice is possibly more or 
less continuous along the coast, but of its inland extension we have little evidence. 
Even along the coast it is not extensively exposed. Here long stretches of the low 
tundra country are apparently underlain by rock or earthy deposit. 

Of the localities at which the ice was observed, the most important are Cape 
Halkett and Cape Simpson, at each of which it seems to be practically continuous for 
a distance of several miles. Cape Halkett, one of the most prominent promontories 
along this part of the coast (PI. X, 2)), termii^ates in an ice cliff rising 30 feet above 
tide level, and is overlain by a foot or two of muck, which in turn is carpeted by a 
nap of moss and grass at the surface. Judging from topography, the ice at this 
locality may extend inland several miles. Its thickness is not known, since its lower 
limit lies below tide level. As shown in the view (PI. X, 2>), the cape is being rapidly 
cut back by wave action, which undermines the cliff at tide level until by its own 
weight the ice breaks off in large blocks and is ground up by the surf. 

Coal occurs at Wainwright Inlet, between Point Barrow and Cape Beaufort. A 
little southwest of that place the Jura-Cretaceous comes to the coast, and, judging 
from topography, seems to continue nearly all the way to Cape Beaufort, omitting 
a probable breach at Icy Cape. From Cape Beaufort to Cape Lisburne rocks of 
the Corwin series (Mesozoic) are known to be almost continuous. It therefore 
seems, from the above facts, that the southern boundary of the ground-ice area repre- 
sented on Doctor Dall's map should be shifted from the region of Icy Cape north- 
ward, probably to at least beyond Wainwright Inlet, a distance of 60 to 75 miles. 

Of the Kowak clay containing Pleistocene vertebrate remains, referred to by 
Doctor Dall in connection with the ground ice, but little was seen by the writer. 
Observation, however, has been sufficient to suggest that, if present along the coast 
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RECENT MUD, MUCK, GROUND ICE, DUNE SAND, SILTS, AND ORAVBLB. 
INLAND BKOION. 

The deposits mentioned in this heading are all represented on the map by the 
same color. 

Along John River and the Koyukuk the color represents recent stream gravels, 
together with alluvial sands, silt with ground ice, mud flats, and areas of till too 
small to be represented on the scale of the accompanying niap. 

Along Anaktuvuk River the color denotes recent stream gravels, while along 
Colville River it includes, besides the recent stream gravels, a large, triangular area 
of flats extending from the mouth of the Anaktuvuk to the coast and eastward along 
the coast a distance of thirty or more miles to beyond Gwydyr Bay. This large area, 
as noted, is regarded as ground abandoned by the Colville in its lateral migration 
westward since Tertiary time, as the river is supposed to have formerly flowed more 
directly northeastward from the mouth of the Anaktuvuk, and to have entered the 
sea through Gwydyr Bay, following the course indicated by the broken lines on the 
map. (PI. m.) 

Though to the eye this area of flats seems a dead level the surface probably 
rises very gently from the Colville eastward. It is dotted by numerous ponds and 
lakelets. The monotony of the waste is somewhat relieved by occasional low mounds, 
as shown in PI. XVI, B, These are composed, in part at least, of gravel and sand. 
Some of them rise as much as 40 feet above the flats. In shape they are low and 
rounded. Some have a tapering train on the lee side toward the coast. Their 
surface is usually scantily clothed with grass and other vegetation. 

The origin of the mounds is not known. Only one of them was visited. Perhaps 
the most plausible hypothesis is that they are remnants of beds belonging to the Ter- 
tiary Colville series, which, chancing to be capped with some hard stratum, were not 
worn down by the river to the level of the flats, and so formed nuclei favorable for 
accumulation of gravel, and subsequently became bars, and, later still, islands in the 
Colville, until the river abandoned its bed about their bases. 

Along the Colville the edge of the flats often terminates in gravel bars, descend- 
ing to the water's edge, or in low, steep-faced banks of frozen black muck and ground 
ice, showing that at least the surflcial portion of the flats consists in the main of 
recent stream deposits and the decayed products of marsh vegetation. The banks 
decrease in height toward the coast, and finally vanish as the land surface passes into 
the bars, reefs, and tidal mud flats at sea level. 

The geologic work now being done by the river in its lateral migration shows 
that the processes by which the flats were formed were essentially those of planation. 
In the inland region, as the shifting stream, in its very gradual down-cutting and 
relatively very rapid lateral cutting, sawed its way westward into the coastal plain, it 
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planated farther and farther on the west the ground which by its destructional 
work it claimed as its bed; while simultaneously, as it abandoned or receded from this 
planated ground on the east, it built thereon, notably at high-water stages, flood-plain 
and riparian deposits, which now constitute the surficial terrane of the flats. Thus, 
while degradation or destructional work was in progress on the west, aggradation or 
constructional work of flood-plain building was progressing on the east. At the 
same time in the coastal region the large amount of sediments borne down by the 
river was built into an expansive delta plain, which landward merges into and is con- 
tinuous with the inland subareal portion of the flats, and seaward merges into the 
already mentioned expansive tidal mud flats, bars, and reefs at the coast. 

The Colville Flats therefore appear to consist essentially of a Pleistocene veneer 
of flood-plain, ground-ice, and deltoid deposits resting on Tertiarj^ beds of the Colville 
series that have been planated by the river in its lateral migration toward the wast. 

Another type of recent deposits is seen in the sand dunes that occur for a distance 
of a few miles along the upper part of the Anaktuvuk, just before it leaves the 
Endicott Mountains, and also over the inland portion of the Colville delta and adjacent 
mainland. The material of the dunes in both places is obviously river sand and silts 
derived from the wind-swept bars and flats exposed during stages of low water. 
This dune work is probably accomplished mostly during the dry, frozen periods of 
winter, when the bare ice surface is favorable for wind transportation of the material. 

COACTAL REGION. 

From Colville River to Point Barrow, — ^Though the Tertiary beds of the Colville 
series may come to the Arctic coast in some localities, they have not been positively 
identified there. From Colville River to Point Barrow the shore line materials 
consist mainly of recent beach deposits of mud, muck, some sand and gravel, and 
deltoid mud flats, backed in places by low banks of older dark muck and ground ice 
(see PL IX, A and PL X, D), West of the Colville, in Harrison Bay, deposits of 
sand or loam are occasionally seen, which, from similarity in character of material, 
seem to belong to the Gubik sand. 

The eastward swing, or retreat, of Colville River in relatively recent time 
from bluffs of its own cutting on the west, leaving a portion of the Colville Flats on 
its west or left side, along the section extending from Ocean Point to the coast, a 
distance of nearly 40 miles, suggests for this particular part of the region a loc^l tilt 
to the eastward in Pleistocene time, or at least subsequent to the production of the 
bluffs and the Colville Flats, which must have been formed by the river. If this tilt 
or differential uplift to the west of the Colville has been far-reaching in its westward 
extent, it favors the existence of a coastal belt of late Pleistocene as far as it extends. 

To local differentials in elevation along this costal line of uplift are to be ascribed 
the occasional ground-ice cliffs as at Cape Halkett and Cape Simpson, alternating with 
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long stretches of low shelving beach. The ice cliffs appear merely to represent com- 
pletely solidified bays, lagoons, lakelets, or perhaps other coastal bodies of ponded 
water now raised into low anticlines and cut back by wave action. 

From Point Barrow to Cape Lishume, — Southwest of Point Barrow the coast 
line grows more marked. It is not so low, flat, and shelving as on the north, and the 
water is consequently less shoal. Here the long stretches of mud flats found on the 
north are in the main wanting. The mainland bluffs at the edge of the tundra, 
though still low, are not only higher than on the north but are almost continuous, 
and are frequently composed of true bed rock (Mesozoic terranes); between the 
base of these bluffs and tide water there is a narrow fringe of recent beach gravels 
and sand, whose surface slopes steeply seaward. However, from Wainwright Inlet 
to near Cape Beaufort there are extensive wave-built barrier beaches or bars of 
recent marine gravels and sand (see PI. XVI, A)^ sheltering immense stretches of 
brackish lagoons lying between the bars and the mainland. Toward Cape Lisburne, 
the most bold and important promontory in this part of the northwest, the coast 
becomes steep and rock bound (PI. V) by the Mesozoics and Paleozoics that have 
been described. 

RBCSNT F088IUB FROM THE ABCTIG COAST. 

The following invertebrate fossils were collected along the Arctic coast between 
Colville River and Cape Lisburne. The identifications are by Dr. W. H. Dall, of 
the United States Geological Survey. 

ChrysodomuB fomicatus Gray, 649, « 650, 654. 

C. despectus L., 6.39. 

Admete couthouyi Jay, 652. 

Margaritee striatus Sowerby, 647. 

Tellina lutea Gray, 647. 

Macoma frigida Hanley, 6.%, 639, 647, 650. 

M. tenuis Leach, 639, 652. 

M. baltica var. inconspicua B. AS., 636. 

Afltarte arctica Gray, 636, 639. 

A. borealis Schumacher, 636, 639, 650, 652, 654. 

Venericardia alaskana Ball, 652. 

Saxicava arctica L., 650. 

Serripea gronlandicus Beck, 636, 654. 

Cyrtodaria kiimana (Morch) Dunker, 639, 650. 

Thracia beringi Dall, 654. 

Mytilus edulis L., 650. 

Modiolaria nigra Gray, 650. 

Yoldiasp. fragm., 639. 

a The numbers refer to localities. 
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MimERAIi RESOURCES. 

GENERAL STATEMENT. 

Under the head of geology, it has been shown that the rocks forming the moun- 
tains about the head of the Koyukuk Basin comprise several metamorphic series, 
namely, the Skajit, Totsen, Fickett, Bettles, Lake quartz-schist, and West Fork series. 
In these mineralization has taken pla(;e. It is in the southern part of the region that 
the efforts of the prospector are being rewarded, and, in some cases, handsomely. 

Though indications of mineralization occur to some extent nearly all the way 
northward through the Endicott Mountains, the principal producing region is on the 
upper parts of Middle and North forks of the Koyukuk. Though the region also 
contains coal and some lead, copper, and antimony, thus far gold only has proved 
to be of economic importance. 

GOLD. 

Placer gold has been known in the Koyukuk Basin since the early nineties, if 
not before. It was first discovered in the bars of the river, of which the most noted 
seem to have been Hughes and Florence bars, both far below the present placer dig- 
gings. Tramway Bar, above the sixty-seventh parallel, about 570 miles above the 
mouth of the river, is among the earliest discoveries. The discovery of Slate, Myrtle, 
and the other creeks that have been among the chief producers for the last four 
years was made during and subsequent to the spring of 1899. These are mostly 
above Tramway Bar. 

Roughly considered, the Koyukuk gold district, or gold diggings, frequently 
referred to as the most northern mining camp in the world, as known at present is 
contained in a rectangular area of about 3,500 square miles, lying between latitudes 
66^ 55' and 67^ 55' and longitudes 149-^ 30' and 151^ 20'.^ It accordingly trends 
north and south. Its length is about 70 miles and its width about 50 miles. 
Diagonally through it from northeast to southwest flows Middle Fork of 
Ko3^ukuk River, while the northwest portion is drained by North Fork and the 
southeast portion by South Fork. The principal field of present operations is 
near the middle of the district, on the middle drainages of Middle and North forks. 

It is only in certain localities in this area, however, that profitable gold placers 
have been found. The formations on which these placers lie, so far as known, are 
the Ijjike quartz-schist, the West Fork schist, the Bergman series, and probably also 
the Skajit formation, for some of the later discoveries are reported to occur on mica- 
schist, limestone, and marble;'' but whether any or all of these formations are the 
original source or mother rock of the gold can not yet definitely be stated, as 
th(» season's work ailorded no facility for visiting the diggings. The Slate Creek 



«Fur location and outline of the di.striot. hoc geologic map, IM. 111. 

bOn Clara and Emma creeks the country rock is reported to be mica-w?hist and marble. 
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gold, however, is probably derived from the Lake quartz-schist.^ These schists are 
traversed by quartz veins of considerable size, the larger of which are not known to 
carry more than a trace of gold, but a series of smaller veins or vein lets and small 
lenticular quartz bodies or leaflets contained in the schist are to some extent aurif- 
erous. Nearly all quartz specimens which have been assayed show at least a trace 
of gold. 

The principal diggings when the region was visited by the writer in 1899 were 
those of Slate Creek and Myrtle Creek, which lie along the zone where the Lake 
quartzite-schist gives way to the West Fork* series on the south. This zone is also 
along the line where the mountains give way to the dissected supposed Yukon 
Plateau. Here in March, 1899, coarse placer gold was discovered in paying quanti- 
ties on Slate Creek, an east side tributary of Middle Fork of the Koyukuk, which it 
joins 16 miles above Tramway Bar. The country rock is a series composed of mica- 
schist, quartz-schist, and slate, and is cut by some igneous intrusives. It is uplifted 
and stands on edge. The gold occurs as shallow creek and gulch diggings, and is 
found principally near or on bed rock in joints, fissures, and crevices. The gravels 
rarely exceed 3.^ feet in thickness. The diggings begin about 9 miles above the 
mouth of Slate Creek, at the confluence of the two main forks, of which the north 
one is known as Myrtle Creek, and the south one as Slate Creek proper. From 
this point the diggings extend to the head of Myrtle Creek, a distance of 5 or 6 
miles, and considenibly farther up Slate Creek. 

Two mining districts had been organized and are known as the Slate Creek 
and Myrtle Creek districts. The gold, as seen here, is bright, clean looking, coarse, 
and considerably rolled or flattened, denoting transportation. The largest nugget 
taken out had a value of nearly $20. The bench gravels along these creeks are also 
auriferous and are reported to prospect from 8 to 5 cents per pan. Considerable 
mining was also being done near the sixty-seventh parallel on various tributaries of 
South Fork with fair success; here at present the principal camp is that of Gold 
Bench. 

Though the Slate and Myrtle creek districts, with a few others, are reported 
to have yielded well during the season of 1899 and 1900, and are still producing, 
subsequent exploitation has resulted in the discover}' of much richer deposits farther 
up the river, all occurring, according to reports of the miners, in nmch the same 
class of metamorphic rocks as those noted for Slate and Myrtle creeks. 

Of these newer discoveries, the principal are f^nuna, Claia, and (iold creeks, and 
other smaller streams tributary to Hannnond Creek, while the discovery of gold on 
Union Gulch, about 15 miles above Slate Creek, is reported to have been made 



oSchmder. F. ('.. Reconimissaiu'e along the Chaiulhir and Koyukuk rivers, Alaska, in 1899: Twenty-first Ann. Kept. 
U. S. ({eol. Survey, pt. 2, 1900, pp. 474-483. 
frlbid., p. 475. 
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during the summer of 1901. Other new creeks, reported to be producing, are Ver- 
mont, Swift, and Nolan. The two best producers thus far are reported to be Enuna 
and Gold creeks. The gravels on Hammond Creek are reported to contain much 
iron pyrites, which, in sluicing, rapidly fills up the riffles, and in some specimens 
visibly exhibits embedded bodies and particles of free gold — a fact of no 
small economic imi)ortance, as it seems to point very strongly to deposits of gold- 
bearing pyrites or ore probably present within the Hammond Creek Basin as the 
source of the gold. During the summer of 1902 very promising prospects were 
discovered also on North Fork of the Koyukuk about 35 miles alx)ve its mouth. 
Here the belt containing gold-bearing gravels, locally considered, is said to have a 
width of about 20 miles and to trend in a general east-west direction about parallel 
with the mountains. The principal streams on the Fork are Mascot, Washington, 
and Big Four creeks. The discovery was made on Washington Creek in August, 
but the principal producer seems to be Mascot, a west-side tributary, which was 
discovered in September (1902), and during the season of 1903 yielded nearly 
$100,(XX) in gold. This gold is coarse. It contains several $100 nuggets, and 
other large ones of less value. The gravels are shallow; they range from 
a few inches to several feet in thickness, and contain a little black sand. Their 
shallowness enables the ground to be worked at a profit of about 70 per cent of 
the yield, which is much greater than that in most of the creeks of the Koyukuk 
district. The gold is found mostly on bed rock and in the extreme basal part 
of the overlying gravels, and where the bed rock is rotten or decayed the gold 
frequently extends a foot or more into it. The l)ed rock is mica-schist. It contains 
stringers of quartz and is occasionally cut b}^ ix)rphyry dikes. Gold prospects 
have also been found west of the above, on tributaries of the Hokotena. 

The Tramway Bar diggings are bench placers, consisting apparentl}'^ of deposits 
of auriferous river gravels resting on a bench of bed-rock conglomerate and sand- 
stone, at about 80 to 100 feet above the level of the river. The gravels are mostly 
coarse, consisting largely of rolled cobbles and pebbles of quartz-schist and other 
rocks composing the mountains to the north. Several attempts have been made to 
work these deposits, but thus far with only moderate success. This is owing appar- 
ently to the remoteness of the region, the difficulty of transportation, and more 
especially to the lack of capital to utilize the water supply, which could readily be 
drawn from the river above the placers or from lakelets said to occur on higher 
ground lying westward. 

The Tramway conglomerate has not as yet been found to be a fossil placer, as 
was formerly supposed, nor does it seem to bear any relations to the richer diggings 
occuring in the region of metamorphic rocks much farthe^r up the river. 

Prospects of gold are al^-o reported to have been found on some of the tributaries 
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very little quartz being present. It presents a clean, bright surface and is of a deep, 
rich color. Another nugget, nearly as large as the above, having a weight of 50 
ounces and valued at about $1,000, was found on Hammond Creek during the same year, 
but was not brought out of the country until this fall (1903). It is described by Mr. 
Prindle as oblong and elongated in outline, flat on one side and rounded on the other. 
According to the most reliable information obtained, the production of the 
Koyukuk district from 1899 to 1903 was about $7l7,OiX), distributed among the 
various creeks and gulches, principally as follows: 

Production of gold in the Koyukuk district from 1900 to 1903. 



1900. 



1901. 



Myrtle Creek 

Gold Bench 

Slate Creek 

Emma Creek 

Clara Creek 

Gold Creek 

Tramway Bar 

Twel vemile Creek 

Porcupine Creek 

Ironside Bench and Eagle Bluff . 

California Creek 

Union Gulch 



$40,000 

25,000 I 

1,000? 

27,000 I 

1,000 

2,000 

5,000 

1,000 i 

500 I 

1,000 I 



$7,000 
60,000 



40,000 

2,000 

50,000 



1,500 
1,000 



1902. 



1903. 



I 



"i: 



1,000 
1,500 



Total I 103,500 I 164,000 I «100,000 



&300,000 



a Season's yield, including new discoveries. 



b Season's yield, including Nortli Fork and new discoveries. 



The total of the above table is $667,600. To this should be added $40,000, which 
is known to be the approximate output of sundry smaller diggings, not given in 
the above list in 1901; about $6,000 output in 1899 derived mostl}^ from Slate, 
and Myrtle creeks and various points on South Fork, and $8,000 to $4,000 won 
from the Tramway and other bars in previous years, all of which to date gives 
an aggregate yield for the Koyukuk district of about $717,000. 

The relatively low yield, not much exceeding $100,000 for the 3^ear 1902, is 
reported to be due to the exceptional dryness of the seiuson and consequent lack 
of water for operations on most of the creeks. On Gold Creek but little sluicing 
could be' done, but while the watc^r lasted the yield wais rich. On one claim the 
owners are reix)rted to have washed out $12,0(X) in ten days. 

In connection with the above statement concerning gold should be mentioned 
the reported recent discovery of supposedly promising pjritiferous gold-bearing ore 
near the head of Alatiia River, principally on the divide between it and Noatak 
River, which flows westward into Kotzebue Sound. The locality is northwest of 
Bergman, in approximate latitude 67-" 40', longitude loo". The men who made the 
discovery state that the locality is 170 miles from Bergman, but this must be by the 
river route where the distance traveled is necessaril}" greatly increased by the very 
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tortuous course of the Alatna. Our knowledge concerning the geography of this 
region is not definite, but the distance across country in a straight line from 
Bergman to the Koyukuk can hardly exceed 100 miles, and it is probably less. 

The discovery seems to have been made by a party of prospectors and miners 
who visited the region by sled during the winter of 1902-3, and in company with 
others continued to prospect there during the summer of 1903. At present a score 
or more men are reported to be interested in the holdings. 

The country rock is described as quartzite, slate, and schist, and is inferred by 
the writer to be in all probability a westward extension of the Fickett series (Car- 
boniferous) which is prominently developed on John River, 60 miles distant, and in 
which, as indicated on the map (PI. Ill) and on page 106, a mineralized zone in the slate 
and quartzite was observed by the writer in 1901. Without here affirming that the 
mineral deposits of these two regions are connected, it should be noted that the newl}^ 
discovered Alatna deposits seem to lie directly in the trend of the John River 
deposits and have the same strike. This suggests that the deposits of the two regions 
may represent the same mineral belt. 

The Alatna ore deposits are reported to consist of six or more veins, or ledges, 
known as the Copper King, Copper Queen, Lucky Six, Mammoth, Iowa, Gray Eagle, 
Silver King, and Ground Hog. They are on an average about 1 mile apart, and are 
accordingly included in a belt about 6 or 7 miles in width. They lie nearly 
parallel and trend in a northeast-southwesterly direction, and, so far as prospected, 
are in general nearly vertical, or dip about 76^ NW. 

About half of the veins are reported to have a width of approximately 75 feet, 
while the minimum width of the smallest is given as 10 feet. Some of the veins 
have been traced by croppiugs for distances varying from several thousand feet to 2 
miles. 

Through the courtesy of Mr. Prindle the writer has rec;^ived for study six of 
these Alatna ore specimens, ])rought out by the miners in the fall of 1903. In 
these specimens the ore consists essentially of iron pyrites and quartz, with also 
chalcopyrite (copper pyrites) which is conspicuous in two specimens. With the 
chalcopyrite is associated a little bornite and a trace of malachite. Another specimen 
is composed essentially of stibnite or sulphide of antimony and epidote. One speci- 
men contains feldspar as a gangue mineral in addition to quartz, and is locally stained 
reddish brown by hematite or iron oxide, which is seemingly an alteration product 
of the pyrites. 

The quartz is largely of the finely granular sugary t^^pe, and often remains 
as a porous hone} combed or comlline-like mai^s where the metallic contents of the 
ore have been leached out of the more exposed croppings. This "skeletonized" 
mass is occasionally traversed by small discontinuous stringers of firmer, greasy- 
lustered, and evidently younger quartz, producing a semibanded appearance, which, 
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considered in connection with slickensiding and planes of weakness exhibited by 
other specimens, shows that ore deposition was followed by rock movement and 
consequent crushing, wliich produced fractures, into which the barren stringere 
were subsequently deposited by silica-charged solutions. 

The specimens at hand contain both white and yellow iron pyrites, which is mostly 
fine-grained and normally occurs massive with the quartz, but in a few cases an 
imperfect parallelism, or banding, apparently representing depositional layers of 
quartz and pyrites in varying amounts, is perceptible. 

The value of the ore rests in its auriferous content. At least three of the 
larger veins are reported, from assays made for the owners in San Francisco, to 
curry from $40 to $t)0 \)qv ton in gold.'' The gold seems to be contained, very finely 
disseminated, in the pyrites, for so far as known no free gold is visible. None 
was seen in the specimens examined by the writer. 

Should these deposits prove to be of economic value, it is noteworthy that be- 
sides being easily accessible by land, they can be approached at high water by way 
of the Alatna River with flat-bottom steamboat to a point within 6 miles of the 
locality, and at low water to a point within 20 miles. The region is reported to con- 
tain a large amount of small timber having a stumpage of about 1 foot in diameter. 

COPPER. 

The only indications of copper seen in this northern country by the writer were 
in detached fragments of quartz, apparently derived from veins, and carrying some 
iron pyrites, copper pyrites, malachite, and a trace of bornite. Such specimens were 
found sparingly in the river gravels on the upper Chandlar in 1899.* Some, seen in 
the possession of prospectors, were reported to have been collected on Mineral Creek, 
at the head of Chandlar Liake, on the west side. A ledge is also reported to have 
been found on East Fork of the Chandlar, which assayed well in copper. But the 
ore is not known to oc(?ur in quantities of commercial value. 

In the Koyukuk Basin the indications are much the same as above described, the 
occurrences being on the upper waters or the tributaries heading in the limestone 
mountains. The principal specimens seen by the writer during the recent work 
consisted of waterworn fragments found in the John River gravels and derived appar- 
ently from quartz veins. They contained some copper pyrites and a little bornite. 
Similar specimens were seen in the hands of Kowak natives on John River. What is 
supposed to be a vein of considerable size, containing iron and apparently copper 
pyrites, was obsen^ed in a steep limestone cliff of the Skajit formation overlooking 
the river, where no examination or collection could be made. 



«The Survey has just completed the assay of four of the above-described ore specimens, with the following results, in 
ounces per ton: Specimen B, gold 0.05: silver none. Specimens C and D, gold, trace; silver, trace. Specimen F, gold 0.10: 
silver, 0.08. These results arc not promising. 

feOp. cit., p. 482. 
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LEAD. 

Galena is known to occur in the Bettles limestone on the upper waters of the 
Chandlar and the Koyukuk. It is also reported on East Fork of the Chandlar. 
Specimens have l)een seen from Settles River. Some reported to be from the upper 
part of Hokotena River or Wild Creek, which is the next large river above John 
River, were presented to the writer by Messrs. Windrick and Bettles. In one 
instance the Wild Creek galena is associated with, or partly incloses, quartz crystals 
live-eighths inch in diameter and an inch or more in length, while in another instance 
the associated quartz seems to be chalcedonic. The ledge occurs on Michigan Creek 
(the large east-side tributary of the Hokotena), 3 miles above its mouth, and is sup- 
posed U) be in the Skajit formation. It is reported to be of considerable size. Those 
who have prospected it are hopeful that it may prove to be of economic value. It is 
reported to assay some silver and several dollars in gold per ton. 

On the east sid(» of the divide between Middle Fork and South Fork, opposite 
the head of Minnie Creek, a Innestone mountain of considerable size is reported 
by prospectors, in which galena is said to occur in large quantity. 

ANTIMONY. 

Pebbles and angular fragments of antimony sulphide, sometimes several inches 
in diameter, are found in the gravels of Gold Creek. A specimen of this mineral 
was determined in the chemical laboratory of the Survey to be a good grade of rela- 
tively pure stibnite. It is traversed by quartz stringers. Judging from the resem- 
blan(!e of the quartz to that seen in the Lake quartz-schists and the locality at which 
the antimony occurs it is inferred that this rock is probably the source of the ore. 

Owing to the remoteness of the region the copper, lead, and antimony ores are 
not in themselves likely to prove of economic value unless the deposits are very 
exceptional in quantity and character. 

ZONES OF METALLIFEROUS MINERALIZATION. 

In the T(>Uen .sv >;vV.s'. — About 40 miles above the mouth of John River, near the 
northern edge of the Totsen series, as shown on the geologic map (PI. Ill), the mica- 
schists, in an area several miles wide trending northeast and southwest, across the 
valley, are stained a pronounced reddish-brown or hematite color, denoting appar- 
ently a zone in which iron pyrites and other sulphides occur more or less abuu- 
dantl}^ in the schist. Though the rock could not be examined in detail, it seems 
probable that the stain is due to iron oxide derived from the sulphides by oxidation. 
The residuary soil formed by the disintegration of the schist in this belt is not nearly 
so red as the rock itself, but is rather of a yellow-ocher or limonite color, which 
seems to be due to more extensive oxidation and weathering or to leaching out of 
the mineral matter. 
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In the FicJcHt serus, — Toward the northern edge of the Fickett series, east of 
John River, in the Fork Peak region, where the country rock consists of heavy- 
bedded gray and pinkish quartzite and slate, there is a belt about 2 miles wide which 
is stained bright reddish brown, purple, and some other colors. As shown on the 
map, this belt also trends northeastward a distance of apparently about 15 miles to 
a point where the Fickett series gives way to the Lisburne formation. It seems also 
to extend southwestward beyond John River, but in that direction it is apparently 
not so conspicuous. 

Here again the stain, which is surficial, is due to iron pyrites acted on by the 
process of weathering. A fresh f nicture surface in hand specimen shows the zone of 
stain or weathering to be nearly always definitely marked, but in its peneti-ation of 
the rock it may vary in different cases from a mere film to a zone nearly one-fourth 
inch in thickness. As the rock is known to contain iron pyrites ve^y finely dissem- 
inated, and ail of the five stained specimens tested by the chemical laboratory were 
found to contain ferric oxide (FCjOj), with some sulphuric oxide (SO3) present in four 
cases, the stain seems undoubtedly to be iron oxide derived from the pyrites by 
process of weathering. The brilliant peacock or bornite color, which by the inexpe- 
rienced prospector would readily be mistaken for indications of copper, is iridescent 
hematite. The specimen in which no sulphuric oxide occurs was found to contain also 
siderite (FeCOs). 

Whether these zones of mineralization may prove to be of economic value c«n 
not be aflSrmed at present, as the rapid progress of the party through the country 
did not permit opportunity for examination. It may be noted, however, that both 
zones are closely related to formational boundaries, the southern being near the 
unconformable and probably deformational contact of the Totsen series with the 
Skajit formation, while the northern lies along the fault contact of the Fickett series 
with the Stuver series and Lisburne formation; and both zones trend in a general 
wa}^ parallel with the dominant jointing or major structure of the mountain range. 
The localities at which placer gold claims have l>een staked by prospectors, and gold 
colors panned by the writer on John River, lie within the southern zone. 

COAL. 
GENERAL STATEMENT. 

Coal in one form or another, and varying in age from Tertiary to possibly Car- 
lx)niferoas, is more or less widely distributed in northern Alaska. It occurs in the 
Koyukuk drainage on the south side of the mountains, in the plateau on the Anak- 
tuvuk, in the coastal plain on the Colville, and on the northwestern coast, in what is 
commonly known as the Cape Lisburne region, at Wainwright Inlet, Cape Beaufort, 
and several points between Cape Beaufort and Cape Lisburne (PI. V). 
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KOYUKUK REGION. 

Koyuhik River, — On Koyukuk River, in what was formerly supposed to be the 
Kenai^ series, lignite and coaly material in small amount is common in the sandstone, 
grit, and especially in the conglomerate. The best occurrence is just above Tram- 
way Bar, where there is a vein nearly 12 feet thick, of which the middle 9 or 10 feet 
seems to be relatively pure fuel. Its analysis is given under No. 187 in the tjihle on 
page 114, which shows it to be a low grade of bituminous coal. There seems to be 
no reason why with development this vein should not prove serviceable for loc^xl use. 

John River, — Coal detritus in considerable quantity and of a character to suggest 
the probable occurrence of coal of economic value somewhere in the region north of 
this locality was seen in the John River gravels near the base of the f^ndicott Moun- 
tains. This coal may apparently with safety be called a good grade of bituminous. 
It breaks with a conchoidal fracture and has a bright shiny or gloss}^ black surface. 

ARCTIC SLOPE. 

Coal has been found also at several points on the Arctic slope, notably on 
Anaktuvuk and Colville rivers. 

Andktuvuk River, — Coal was first encountered by our party on the Anaktuvuk, 
in the east bank, about 5 miles above the mouth of Tuluga River, about 130 miles 
from the Arctic coast, in latitude 69^ 11', longitude 161° 4'. This coal is of Upper 
Cretaceous age, forming part of the Nanushuk series, from which the fossils at this 
locality were collected. As shown in PI. XII, ^, the rocks here dip stceplv south, 
at an angle varying from about 80'^ to nearly vertical, and rise to a height of 100 or 
more feet above the river flats. The coal is conformable with the rocks of the series 
of which it fonns members and occurs in several beds, each a foot or more thick. It 
is laminated parallel with the bedding, apparently denoting pressure. Though in 
the weathered state it has the appearance of lignite, it is shown by No. 607 in the 
table of analyses on page 114 to be a bituminous coal, having a fuel ratio of about 
1.20. The quantity thus far observed, however, is hardly sufficient to lead to the 
belief that the bed will prove of economic value in so remote a region.' 

CoIvHh' Rirer, — At a}>out 30 miles north of the above locality and at a distance 
of 100 miles from the coast, on the Colville, in the region of the mouth of the Anak- 
tuvuk, in latitude approximately 69 32', longitude 151 30', lignitic coal appears in 
considerable quantity. It is found in the Colville series, which underlies the Arctic 
Coastal Plain in this region, and here rises 200 feet above the river nearly to the sur- 
face of the plain, forming bluffs along the left or west side of the river for 10 miles 
both above and l>elow the mouth of the Anaktuvuk. (See PI. VIII.) 



aSchrader, F. C, Reconnaissance along Chundlar and Koyukuk rivers, Alaska: Twenty-first Ann. Rcpt. U. H, Gcol. 
Survey, pt. 2, 1900, pp. 477 and 485. 
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Here the coal is abundant and conspicuous. In the tahis at the foot of the bluflfs 
it is strewn about in detached blocks and tewlders ranging from 1 to several feet 
in diameter. Its occurrence in place in the bluflfs is for the most part in the lower 
half of the section, where it appeal's in half a dozen or more beds that arc from 1 to 
3 or more feet in thickness, and are conformable with the Colville series, of which 
they form members. The beds lie for the most part nearly horizontal or dip very 
gently northward, and are well exposed for a distance of probably 10 or more miles 
along the river. They are represented by the dark or black layers in PI. VIII. 

The associated rocks, of which a fuller description is given under the head of 
geology, consist in general of heavy beds of partially consolidated silt, soft shale, soft 
sandstone, very impure limestone, and intermediate types of deposits. 

So far as observed in ascending the geologic section, the coal layers in most 
cases are underlain by a heavy bed of soft sandstone or shale 3 to (i feet thick, with 
an intervening thin G to 8 inch layer of shaly under clay. The shale bed often 
contains fragmental lignitic plant remains. 

As shown in the table of analysis (p. 114), where it is indicated b}^ No. 620, 
the coal seems to be a good quality of lignite, with volatile matter 30.33 and fixed 
carbon 30.27. As the specimen was considerably^ weathered, it is probable that the 
analysis here given may fall somewhat short of representing the average efficiency of 
the coal. On several occasions the coal was used by the party in camp fires, and 
gave good satisfaction. It burned readily and yielded considerable heat. 

The coal in general presents a dull-black appeanmce, and at first appears massive, 
but on closer observation is found to contain nearly horizontal, more or less discon- 
tinuous beds and thin layers of highl}^ metamorphosed material, which is of a deeper 
black and has a somewhat high anthmcitic luster. The main body of the coal seems 
to be composed largely of a mass of similarly well-metamorphosed, short, and glisten- 
ing needles or spicules, variously compressed together in horizontal arrangement, 
presenting somewhat the appearance of an imperfect fibrous or wood\^ structure. 

From the known occurrence of such lignite and lignitic plant remains in the 
Kenai (Oligocene) elsewhere in Alaska, and from the position of this coal in the ).)eds 
above the Upper Cretaceous and below^ fossil-bearing Pliocene beds, the coal is 
inferred to be Oligocene. The vegetable fragments collected from the shale beneath 
the coal were examined by Doctor Dall, who suggests that they are probably the 
needles of Serjuoui langHdorffi! or some related conifer. He also suggests that the 
mass of this coal is probably composed of the trunks of ASef/tma, 

From an economic point of view, it should be stated that this coal is probably 
not suitable for export or for steaming purposes, and, though it is abundant it is 
unlikel}'^, from its remoteness, under present conditions of the country, to prove to 
be of value for local use. It is not diflicult of access, however, and could readily be 
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a8 Wainwright Inlet, a distance of about 200 miles. It is not certain, however, that 
the })eds at these various points represent the same coal field or even that they all 
occur in the same formation. Though these coals have been somewhat exploited, 
and niunerous foasils, ranging from early Paleozoic to Mcsozoic, have been reported 
from the region, no definite conclusion has l>een reached concerning the geologic age 
of the rocks in which the coals occur. 

Waliivrrujht Inlet. — The most northerly occurrence of the coal yet reported along 
this coast is at Wainwright Inlet, latitude 70^ 37', longitude 159^ 45'. Here it is said 
by Mr. Woolfc," who discovered it in 1889, to occur on the banks of Koog River, 
which flows into the inlet. As the river is shallow at its mouth, flat-bottomed boats 
or light<*Ts would Imj required for getting the coal to the sea. The coal is described 
by Mr. Woolfe **as Ixjing of better quality and containing less detritus than the 
Cape Lisburne mineml. It appears to bo a light but hard lignite, burning briskly, 
with but little ash."' It is somewhat surprising that this coal should excel the 
Cape Lisburne coal in fuel efficiency, as the latter is believed to be the older, more 
highly motjunorphosed, and carbonized. Though the writer was not able to visit 
the Wainwright Inlet exposure, at a point about 20 miles southwest of the inlet 
paleontologic evidence showed the country rock to be probably Jura-Cretac«ous 
(p. 74). Judging from topographic criteria, the same formation seems to extend 
l)eyond Wainwright Inlet. Samples of apparently good coal were found near the 
place where the fossils were collected. Analysis of one of these, however, No. 
653 in the tjible (p. 114), shows that it is a lignite. 

Though coal float is found in the beach gravels at several localities along the 
coast, actual outcrops of coal were not seen and are probably not numerous. 

Capt' /ita ufort. —Ciiix^, lieaufort, in latitude about 09^ 10' and longitude 163^36' 
(see PI. V), marks the coastal terminus of the line of demarcation between the very 
gently rolling or nearly flat lowland tundra country on the north and the more hilly 
and low mountainous region on the south which merges with mountains that termi- 
nate in C^ape Lisburne. It lies al)out 70 miles northeast of Cape Lisburne. The term 
cape is hardly applicable to Beaufort, however, as there is here no real promontory, 
})ut only a ridge rising to a height of about 800 feet above the uniform shore line. 

A <»-fcK>t vein of coal occurs in the folded and faulted sandstone of this ridge. 
It is probably lH>st exposed about one-eighth to one-fourth of a mile from the coast, 
whence it seems to extend farther inland and with care can probably also be traced to 
the coivst. So far as observed, the vein dips gently southward with the rocks of the 
region. As shown in the table of analyses under No. iU)5, page 114, this is a good 
}>ituminous coal. 

It may be well to note that DiH-tor Dall, in his report on Alaskan coal and 



» Ko|H>rt on p4>|)Plation and re^iOUitM.n) of Alasika at the Eleventh Censiuf. li>90, Washington, 1893, p. 133. 
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The Corwin mines, which at present seem to be by far the most important, 
accessible, and productive, are situated farther to the southwest, near the south- 
western limit of the coal measures referred to by Dall, and about 30 miles east 
of Cape Lisburne (see PL V). Coal is reported to have been obtained here by the 
whaling vessels as early as 1879. Its occurrence, so far as observed, is in 10 or 12 
beds, varying from 1 to 16 feet in thickness, all being apparently quite persistent. 
The edges of these beds are exposed for a distance of about three-eighths of a mile 
along the coast, which cuts them diagonally, forming a steep cliflf that rises from 
30 feet on the west to more than 100 feet above tide on the east, where it attains its 
maximum in a low prominence known as Corwin Bluflf. The coal beds, conformable 
with the country rock in which they occur, strike N. 45*^ W. and dip southwestward 
at an angle of 36^, as shown in PI. XIII, B; but eastward, in Corwin Bluflf, where 
the rocks are more disturbed, the dip steepens. 

The country rock in which the coal occurs, as shown in the above view, is 
sandstone, shale, and slate, and is probably Jura-Cretaceous. It is more fully 
described under the head of geology, page 72. As noted, it very much resembles 
the rocks of the Anaktuvuk series, but is supposed to be older. 

Some of the coal in the Corwin mines has been partially crushed, but not greatly 
damaged, by rock movement. In mining nmch of it is taken out in large blocks, 
1 to 2 or more feet in diameter, and nearl}' all of the beds are comparatively pure. 
Average samples collected by the writer gave the analyses under numbers 669 and 
671 in the accompanying table, page 114, showing the product to be a bituminous 
coal of fair grade, with a fuel ratio of 1.10 and 1.30. It is, however, hardly satis- 
factory for blacksmithing or steaming purposes. It was used on the steamship 
Arctic^ on which the party took passage for Nome, but with much the same results 
as indica.ted by Mr. Woolfe. Though it burns readily and produces steam quickly, 
it is of low specific gravity and not lasting. It takes about double the amount of this 
coal as compared with Comax coal to maintain a given steam pressure. It burns 
with little smoke, but produces a large amount of ash and clinker. This instance, 
however, can hardl}^ be considered a fair trial, as, owing to the want of timber, the 
facilities for mining were so poor that much "bone," rock, and dirt, or foreign 
debris found its way into the coal and thence into the furnace. The coal is reported 
to be good for cooking and household purposes. 

Mr. Charles L. Norton,*' of the Massachus(*tts Institute of Technology, is said to 
have made the following report to the Corwin Trading Company on '^Cape Lisburne 
coal," which was probably collected at or in the region of the Corwin mines: 

'^I find that the specimens of Alaska coal which you recently sent me have a 
calorific power of 7,560 calories per gram. This is quite as good as the average 
western coal, and is not more than 10 per cent inferior to the best eastern coals." 

a Brooks, A. H., The coal resources of Alaska: Twenty-second Ann. Kept. U. S. Geol. Survey, pt. 3, 1902, p. 666. 
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should be noted that in the shale associated with the coal there is reported to have 
been found by Mr. Dumars a small specimen of Leptdodendrouy which has been 
determined by Mr. David White, who states that it is related to Lepidodendron 
chemungen^e^ and that it indicates an age for the shale either of Upper Devonian or 
Lower Carboniferous. 

Mr. Maddren also reports that in the valley between Cape Dyer and The Ears 
(shown in fig. 1) a syncline of shales occurs containing at least one exposure of coal 
along the low sea bluflf that rises from 50 to 100 feet above tide. He also states that 
just south of Cape Lewis there is a bluff of shales that seem to contain "coal blossom." 

ANALYSES OF GOAL. 

The following analyses were made by Mr. George Steiger, chemist of the Survey: 

TabU of coal analyses. 
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10.65 
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42.94 

3.42 
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40.12 
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3.25 


7.23 
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3.76 


Volatile matter 
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43.75 

47.39 

5.11 






Sulphur ........ .. 


100.00 


100.00 

.54 

Trace. 

None. 

1.20 


100.00 

.50 

Trace. 

None. 


100.00 
.62 


100.00 
.4» 


100.00 

.27 

Trace. 

None. 

1.10 


100.00 

.23 

Trace. 

None. 

1.30 


100.00 
.36 


Phosphorus pentoxide 
Coke 




Trace. Trace. 
None. ■ Non«- 








Fuel ratio 


1.40 




1.4 


1.08 











ClilMATIC CONDITIONS. 

MBTEOROLOGIC RECORD FOR 1899. 

The following is a record of meteorologic observations made by the writer on 
a reconnaissance along Chandlar and Koyukuk rivers in 1899, mainly in latitude 65^ 
to 68^, longitude 146° to 168°. The localities at or near which they were made are 
designated by the position of the dates (month and day) on the map.* 

The thermometer used in this work is an H. Green, cylindrical bulb, Fahrenheit 
scale. 



aBrookH. A. H., The coal resources of Alaska: Twenty-second Ann. Rept. U. S. Geol. Survey, pt, 3, 1902, p. 666. 

ftSt'hrader. F. C A reconnaissance along the Chandlar and Koyukuk rivers, Alaska, in 1899: Twenty-first Ann. Rept. 
r. S. Geol. Survey, pt. 2, 1900, opposite p. 448. 

The localitieH refer to camps pitched by the party en route at the close of its day's traverse. Hence the morning obser- 
vation of any given date was usually made at the camp preceding the one of the date by which the observation is designated 
on the map, and the 2 p. m. observation of the same date was made at a point about midway between the two camps. 
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Meteoroloffic obsenxUiotiB along Chandlar and Koyttkuh rivers essentially at? a, m. and S and 9 p. m.,/rom 

June 19 to September fS, i^P— Continued. 
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Weather. 
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June '24,7 a.m. 


62 


C1.8 


8W. 16. 


28.98 


Threatening 




2 p.m. 


60 


C1.2 


8W. 16. 


29.05 


Bright and fine... 




9 p. m. 


60 
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66.6 


C1.4 

Cl.l 

C1.6 
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8W.20. 
8W.16. 
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29.15' 
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do 




2 p.m. 


do 




9 p.m. 
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Ci.2 
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29.16 
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26,7 a.m. 


61 


Cl.l 


8W.6. 


29.12 


do 




2 p.m. 


67.6 


N.9 


8W.4. 


29.6 


Showery and rain. 




9 p.m. 


64.6 


N.8 


8W. 16. 


29.6 




Temperature water, Chandlar 
River = 54.60. 




27,7 a.m. 


48 


d. 1 


SW. 20. 


29.12 


Bright 




2 p.m. 

9 p.m. 

28,7 a.m. 


66 


Ci-cu. 8 


8W. 10. 


29.1 


Bright (7) 


(?). 


48 


Cl-cu. 4 





29.11 


Bright 




68 


C1-CU.2 


8W. 2. 


29.05 


do 


Two good showers last night. 


2 p.m. 


69.5 


Threaten'g 8 


8W.3. 


29.0 


8howery 




9 p.m. 


63 


N.IO 


NNW.6. 


28.9 


do 


Stormy on mountains. 


29,7 a.m. 


64 


N.9 


W.6. 


28.9 


do 


Do. 


2 p.m. 


69 


Cu.8.8 


W.2. 


28.92 




Mountains smoky; tempera- 
ture river =62°. 




9 p.m. 
80,7 a.m. 


62.6 


N.IO 


8W. 20. 


28.8 


Showery 


Blustery. . 


44.6 


Cu-n.9 


8W.20. 


28.8 




Do. 


2 p.m. 


46.6 


N.IO 


8W. 16. 


28.85 


Steady rain 


Showery all a. m. 


9 p. m! 


46.6 


N.IO 


8W. 10. 


28.85 


do 


Rained all p. m. 


July 1,7 a.m. 


44 


N.IO 


8W.6. 


29.8 


do 


Rainy all night. 


2 p.m. 

9 p.m. 

2,7 a.m. 


47 


N-CU.8 


8W. 8. 


29.06 


Showery 


Clearing (7). 


49 
63 


Nkju.6 

Ci-cu. 6 



W.20. 


29.06 
29.1 


do 


Do. 


Bright 


Temperature river s> 49°. 


2 p.m. 


64 


N.8 


8W.80. 


28.9 


Showery 


Showers. 


9 p.m. 
8,7a.m. 


62 
64 


N.7 


SW.20. 
8W. 20. 


28.9 
29.04 


do 


Do. 


N.3 




Blustery. 


2 p.m. 
9 p.m. 


67 


Ci-cu. 2 


SWW. 20. 


29.1 


•Clear 


Clear and fine; sunsetatlOp. m. 
Clear and fine. 


49 


Ci-cu. 1 


8.770W. 1. 


29.2 


do 


4,7 a.m. 


60 


Ci.2 


8. 770 W. 6. 


29.30 


Bright; hazy 


Hazy; bright. 


2 p.m. 
9 p.m. 


62.6 


Ci.3 


8. 770 W.20. 


29.20 




Threatening. 


66 


N.8 


8W.20. 


29.0 


Threatening 




6, 7 a. m . 


66.6 


Ci.2 


8 W.20. 


28.90 


Bright 


Bright 


2 p.m. 


68 


Ci.2 


W.30. 


28.1 


do 


Brlffht On lava butte at edge 
of mountains and Yukon 
flats. 




9 p.m. 


64 


Ci.3 


W.20. 


28.9 


do 


Bright. 


6,7 a.m. 


60.5 


Ci-cu. 4 


W.20. 


28.9 


do 


Bright; temperature river be- 
low Forks=68o, 11 a. m.; tem- 
perature Lake Fork » 55. 6, 
11.30 a. m. 


2p.m. 


66.5 


N. CU.8 


W.20. 


28.7 




Cloudy; temperature above 
Forkss56.8, 12 m. 




9 p.m. 


56 




W.l. 


28.18 


Heavy shower at 
6 p. m. 


Bright 






7.7 a.m. 


52 


3 


W.IO. 


28.9 




Hazy. 

Fine warm day. 


2 p.m. 


65 





W.6. 


28.8 




9 p.m. 


55 








28.8 




Do. 


8,7 a.m. 


53 





W. 2. 


28.75 


Fine warm morning. 

Warm day; temperature river 
=56°. 


2p.m. 


69 





W. 10. 
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BECONKAIdSANOE IN NORTHEBN ALASKA IN 1901. 



Meteorohgic observations along Chandlar and Koyukuk rivers essentially at 7 a.m. and 2 and 9 p. m,, from 

June 19 to September 2S, i^d— Continued. 



Locality and date. 



Tempera- IClouds: Kind 
ture. and amount. 



Wind: Direc- 
tion and 

Telocity in 

mileflper 

hour. 



Barometer. 
(Aneroid.) 



Weather. 



Bemariu. 



Chandlar River— 
Ck>ntinued. 

July 25, 7 a.m 

2p.m 

9p.m 

26,7 a.m 

2p.m 

9p.m 

27,7 a.m 

2p.m 

9p.m 
28, 7 a.m 

2p.m 

9p.m 
29,7 a. m 

2p.m 

9p.m 

30, 7 a. m 

2p.m 

9p.m 

81,7 a.m 

2p.m 

9 p.m. 

Aug. 1,7 a.m. 

2 p.m. 

9 p.m. 

Koyulcuk River: 

Aug. 2,7a.m 

2 p.m. 

9 p.m. 

3,7a.m. 

2 p.m. 

9 p.m. 

4,7 a.m. 

2 p.m. 

9 p.m. 
5,7 a.m. 

2 p.m. 

9 p.m. 
6,7 a.m. 

9 p.m. 
7,7 a.m. 

2 p.m. 
9 p.m. 

8,7 a.m. 

2 p.m. 

9 p.m. 
9.7 a.m. 

2p.ro. 

9 p.m. 



DegT,F. 
56 
68 
59.5 
59.5 
71 
55 
61 
73 



60 
61 
46 
49 



48 
87 
68 
50 
41 
61 
52 
51 
74 
62 

67 
74 
60 
57 

52 
45 
52 
46 

45 

54 

56 

&4 

48.5 

54 

53.5 



50 

50 

67.6 

51 

63 

67.5 

45 



Ci-CU. 2 . 
Ci.l.... 
a-cu. 2 . 







Ci. 3.... 
Cu-n. 5 . 

Cu-n. 6 . 
Cu-n. 5 . 
Ci-CU. 3 . 















Hazy... 
Hazy... 
Hazy... 

N.l 

Ci-CU. 5. 
Ci.2.... 
N.6 



Ci-CU. 4. 
a-cu. 6. 

N.7 

N.IO.... 



N.IO.... 
Ci-CU. 4. 



S.3 



Cu-n. 5 

Cu.4 

Cu-n. 9 ..... 

Cu-n. 9 

N.IO 

N.9 

N. 9 and fog. 

N.9andfog. 
Ci-CU. 2 





Ci-CU. 8. 
a-cu. 4. 



Ci-CU. 4. 

a.3... 



SWW. 5. 
8WW. 



SWW. 

SWW. 5. 


NW. 10. 
NW. 15. 


NW.5. 
NW.15. 
NW.5. 








NW.5. 










NW.6. 



NW.5. 
NW.8. 
NW.5. 
NW.4. 


W.4. 
W.4. 
SW.7. 




SW.4. 






W\6. 







NW.4. 

NW.6. 




Bright. 



Showery about 
lake. 

Showery in p. m. . 



Showery 

Raining 

Rain in night .... 
Hazy; bright.. 



Hazy; bright. 



Showery 

Rained hard 49 
minutes. 

Rainy 

Clearing 



Rainy 

....do 

Raining all night. 



Fine, comfortable day. 

Do. 
Fine; aomewhat hazy. 
Fine. 

Fine; moonlight 
Fine; warm. 

Do. 

Fine; comfortable. 

Warming. 

Fine day. 

Do. 

Wanning. 

Location : Summit of Chandlar- 
Koyukuk portage at 3,500^. 



aearing. 
Fine. 



Fair. 
Cooling. 
Comfortable. 
Rainy and foggy. 

aearing and cool. 

Warming fast (7). 

Cold. Location: MountHorace 
at 5,600^. 

Do. 

Heavy frost 

Cool. 

Comfortable. 

Cool. 

Comfortable. 

Clearing (T) and colder ; river 
rose 2 inches. 

aear(?) warming (?). 

Evening clearing (rained dui^ 
ing night). 

Bright and warming. 

Showery 5 to 8 p. m. 

Bright 

Temperature creek—dSP. 

Cool. 
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BECONNAI88ANCE IN NOBTHERN ALASKA IN 1901. 



Meteorologic observations along Chandlar and Koi/ukuk rivers essentially al7 a. m. and H and 9 p. tn,, from 

June 19 to September 23, 1899 — Continaed. 



Locality and date. 



Sept. 



Koyaknk River- 
Continued. 

Aug. 27,7 a.m. 

2 p.m. 

9 p.m. 
28,7 a.m. 

2 p.m. 

9 p.m. 
29,7 a.m. 

2 p.m. 

9 p.m. 
30,7a.m 

2 p. m . 

9 p.m. 
81,7 a.m. 

2p.m. 

9p.m 
l,7a.m 

2p.m 

9 p.m 
2,7a.m 

2 p.m. 

9 p.m 
8, 7 a. m 

2 p.m. 

9 p.m. 
4,7 a.m. 

2 p.m. 
9 p.m. 
6, 7 a. m 
2 p.m. 
9p.m. 

6.7 a.m., 

2 p.m.' 

9p.m.j 
7,7a.m. 

2p.m. 

9 p.m. 
8,7 a.m. 

2 p.m. 

9p.m. 
9,7 a.m. 

2 p.m. 

9 p.m. 
10.7 a, m. 

2 p.m. 

9 p.m. 

U,7a.m 
2p.m- 
9 p.m. 

12,7 a.m. 



Tempera- 
ture. 



Clouds: Kind 
and amount. 



Jkgr, F. 
54 
56 
53 
48 
48.5 
47.5 
47 
52 
47 
42 
54 
46.5 
43 
51 
39 
36 
60 
50.5 
45.5 
52.5 
45 
45 
61 
52 
51 

57 

51.5 

51 

58 

49.5 

45 

55 

47 

47.5 

61 

47.6 

44 

68.5 

49 

44 

50.5 

48.5 

44.5 

54.5 



N.IO 

N.IO..... 
N.IO..... 

NMO 

N.IO 

Ci-n.8... 
Ci-n.8... 
Ci-n.7... 

Cu.5 

Ci-n.7... 
Cu-n.8... 
Cu-n.7... 
Cu-n.5... 
Ci-8.4.... 
Ci-s.3.... 

Hazy 

Hazy 3... 
Cu-n.8... 
Cu-n.7... 
Ci-cu. 2 . . 
Ci-cu.3.. 

C1.3 

CI-8.4.... 
Cu-8.7 ... 
N.9 



Wind: Direc- 
tion and 
velocity in 
miles per 
hour. 



Cu-n.8 

N.IO 

N.IO 

N.IO 

N.IO 

N-S.9 

Cii-n.8 

Cu-H. 5 

I Cii s. 7 

I Ci-fU.3 

i Cu.2 

I Cl.l 

I Cu-s.7 

' Ci-8.1 

,' CI-8.2 

I S-n. 8 

S-n.8 

I S-n.9 

Ci-cu. 2 



48 |N.8.... 
47 N. 10. . . 

r»:i I Cu-s. 4 . 

49 S. 2 . . . . 

w ' ri-H. 4.. 



SW. 3. 
SW.4. 
SW. 5. 
SW. 2. 
SW. 6. 
SW. 7. 
SW.6. 
SW. 10. 
SE.4. 


SW. 8. 




SW. 10. 
SW. 2. 
NE. 3. 
SW. 2. 




S8W. 3. 
SWW. 2. 


E. 7. 








SE.4. 



SW. 3. 
SW. 1. 



SW\ 10. 



NE. 12 (?). 

NE. 12 (?). 

NW. 2. 

N. 3. 

E. 8. 





NE. 1. 


SW. 4. 

S. 15. 





Barometer. 
(Aneroid.) 



Weather. 



Rainy all night. 

Showery 

Raining 

Rainy 



Remarks. 



Some fog 

do... 

.....do... 
do... 



Warm. 
Do. 

Rainy all day. 

Rainy morning and last night. 

....do I Rainy. 

I Clearing (river rLring) . 

Clearing (?). 

Stormy I Clearing (7) (river ziidng) . 

Showery all day; clearing. 

Clearing (7). 

Showers in a. m. 

Stormy in p. m. 

Fine morning; clearing (?) . 

Fair. 

Fine mackerel sky in north. 

Fine morning; frost. 

Fine mackerel sky in S. and Sfi. 

Threatening. 

Fair day, somewhat hacy. 
Fair evening. 
Fair morning. 
Fair day. 
Dubious. 
Do. 



Dubious (river ASP), 
River fell 1 foot in 24 hours. 

River still falling. 

River still falling; fell several 
inches since. 



1 1 


Some fog 










1 


1 








1 




' 1 Showery during 

1 . night. 



Rainy p. m 

Rainy all night. 
Rainy all a. m . 
Rainy p. m 



.1. 



Rainy all night. 



Do. 



Fair day and cooler. 
Cool. 

Fine day (river W*). 
Fine day. 
Fine morning. 
Fine day a. m. (river 61.60). 
Fine evening. 
Fine a. m. (river 48°). 
Fine a.m.; threatening now. 
Moderately fair evening. 
Dubious (river 49°). 
.« I Cloudy a.m.; P.m. hazy, but 



I 



fine (river 4Sfi). 

Shower)' j Fine day. 

I do I Very foggy and misty. 

i I Fair day (river 50°). 

i I Fine, cool evening. 

I Fog,lowandden8ci Fine morning (frost). 



C3LIMATI0 ooia>rrioif8. 
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MeUoroloffic observations along Chandlar and Koyukuk rivers essentially at7 a.m, and 2 and 9 p. m.^from 

June 19 to September 2S^ i^PP— Continued. 



Locality and date. 



Koyukuk River- 
Continued. 

Sept. 12, 2 p.m. 

9p.m 

IS, 7 a.m. 

2p.m 

Lower Yukon 
River: 

Sept. 13, 9 p. m 

14, 7 a.m 

2 p.m. 

9 p.m. 

15, 7 a.m 

Nulato: 

Sept. 15, 2 p. m 

9 p.m. 

16,7 a.m. 

2 p.m. 

9 p.m. 

Steamer Weare: 

Sept. 17,7 a.m. 

2 p.m. 

9 p.m. 

18,7 a.m. 

2 p.m. 

Holy Cross: 

Sept. 18,9 p.m. 

19,7 a.m. 

2 p.m. 

Andreafeki: 

Sept. 19,9 p.m. 

20,7 a.m. 

Steamer Weare 
50 miles below 
Andreafski: 

Sept. 20,2 p.m. 

9 p.m. 

Aphoon mouth: 

Sept. 21,7 a.m. 

Norton Sound: 

Sept. 21,2 p.m. 

St. Michael: 

Sept. 21,9 p.m. 

22,7 a.m. 

2 p.m. 

9 p. m.j 

23,9 a.m. I 



Tempera- 
ture. 



Clouds: Kind 
and amount. 



Degr, F. 
52.5 
49.5 
44.5 
62 



47.5 

41.5 

51 
39 
87 

48 
32 
21 



2p.m. |. 
9p.m. I. 



29.5 



S-Cu 

Cu-n. 10 . 
Ci-8. 2 ... 
S-n.9.... 



Cu-n. 6 . 



Cu-8.4 



Cu-8. 5 . 
S-n. 6 . . 
S-n. 8.. 



S-n. 9 . . 
S-n. 4.. 
8-cu. 1 . 
S-cu. 2. 
10 



•r 



32.5 
87 



33.5 
27.5 



37 
31 

33.5 

39 

35 
34 
35 



Frozen 
hard. 



Ci-cu. 4 . 
Ci-cu. 8 . 



Ci-cu. 6 . 
10 



N.8. 



Ci-s.4 . 



10 

Ci-s. 10 . 

10 

10 

Ci-<-u. 7 . 

Ci-cu. 4 . 
Cn-cu. 6 . 



Wind: Direc- 
tion and 
velocity in 
miles per 
hour. 



E.2. 





SW. 12. 

SW. 16. 

SW. 20. 

SW.20. 
SW. 10. 
SW. 15. 

SW. 10. 
NW. 3. 
NE. 2. 
NE. 9. 
NE. 8. 

NNW.8. 



SW.2. 
SW. 1. 



S. 
10. 



8W.5. 

W.2. 



Nearlycalm. 
Nearly calm. 
Nearly calm. 

I SW. 10. 




Barometer. 
(Aneroid). 



Weather. 



Threatening. 
Rainy 



Showery. 



Rained hard in 
night. 

Stormy (?) , 



Showery (?) . 
Showery 



Snowing hard . 

do 

....do 



Snowing; scatter- 
ingly. 

do 



Fog. 



Some fog 

Snowing hard 



Snowing. 



.do. 



Snowy... 
Snowing, 
do... 



Snowing. 
....do... 



Remarks. 



Threatening (river 48.5°). 

Clearing; fair morning. 
Shower>' and threatening. 



Stormy. Location; Koyukuk 
Station. 

Stormy, but clearing. 

Storming. 
Stormy at Ntilato. 
Storming. 



Do. 

Cold. 

Ice t-inch thick; flue morning. 

Hazy. 

Snowed since 3 p. m., and snow- 
ing hard now. 

Snowed hardall night; Sinches. 
Snowed most of the day. 



Clearing (?). 
Do. 

Fair, moonlight evening. 
Boat stopped by fog. 



BliLMtery. 
Wintrj\ 

Fog. 

Fair p.m. 



Threatening. 
Snowed all a. m. 
Cold. 
Do. 

Do. 
Do. 
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BV0OKNA188AK0E IN NOBTHEBK ALASKA IN 1901. 



METEOROLOOIC RECORD FOR zgox, BY W. J. PETERS. 

Snow was found to average about 6 feet deep in the Koyukuk Valley in April, 
and as the preliminary expeditions ascended the north tributaries flowing from the 
Kndicott Mountains in April the depth was found to decrease until the grasses were 
visible in the floor of the passes. By June this deep snow had practically disap- 
peared from the lowlands. Natives report that north winds blow through the passes 
of the Endicott Mountains with great force in winter, during which season it is 
dangerous to travel. It is not only dangerous to face the wind, but there is risk of 
the sled being broken by its being blown against projections in the smooth ice. 
Fogs were found on the pass in April and dense haze in July. In both cases this 
seems to have l)een blown in from the coast. 

The following table, showing the temperatures at Uglaamie, 9 miles from Point 
Harrow, is taken from the report of the Ray expedition, 1881-1883: 

Temperature obserpotions at Ugkuimie. 
[In degrees Fanrenheit] 



Month. 



1881. 
November . . . 
I>ecember ... 

1882. 

January 

Ftebniary 

Man»h 

April 

May 

June 

Jnly 

August 

September... 

Oi*U>ber 

No>'eml>er . . . 
IXx^ember . . , 

1883. 

Januar}* 

Febniary 

Manh 

April , 

May 

Juno 

July 

.\u^m8t 



Mean. 




-18 

-15 
-23 

- 4 

- 4 
22 
34 
43 
38 
31 

9 

- 7 
-17 

-17 

- 6 
-13 

- 3 
23 
32 

37 



Maximum. Biinlmnm. 



30 



20 
- 2 
23 
32 
37 
53 
65 
59 
51 
41 
29 
8 

12 
24 
26 
16 
38 
51 
53 
60 



-28 



-45 

-52 

-30 

-23 

- 2 

24 

27 

27 

19 

-22 

-35 

-42 

-42 
-34 
-51 
-30 
-14 
18 

97 
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September, 1885: 

Lowest temperature during month 6® F 

Highest temperature duriug month fi9 

Mean temperature during month 39 

October, 1886: 

Lowest temperature during month — 4** F. 

Highest temperature during month 46 

Mean temperature during month 16 

November, 1885: 

Lowest temperature during month —44° F. 

Highest temperature during month 15 

Mean temperature during month — 9. 5 

December, 1885: 

Lowest temperature during month —65** F. 

Highest temperature during month 29 

Mean temperature during month —12.4 

January, 1886: 

Lowest temperature during month —70° F. 

Highest temperature during month 31 

Mean temperature during month —13. 5 

February,« 1886: 

Lowest temperature during month —65° F. 

Highest temperature during month 26 

Mean temperature during month —22.5 

March, 1886: 

Lowest temperature during month ..^ —38° F. 

Highest temperature during month 36 

Mean temperature during month — 3. 8 

April, 1886: 

Lowest temperature during month —22° F. 

Highest temperature during month 49 

Mean temperature during month 13 

May, 1886: 

Lowest temperature during month 14° F. 

Highest temperature during month 65 

Mean temperature during month 35 

June, 1886: 

Lowest temperature during month 32° F. 

Highest temi)erature during month 74 

Mean temperature during month 49 

^^ Note, — During the month of December, 1885, in one hour the temperature rose 
29° F., barometer remaining quite steady. This sudden rise in temperature was 
closely followed by a terrible gale of wind. The thermometer, not the barometer, 
indicates an approaching gale. It is dead calm when the thermometer stands low, 
and during the gales the temperature always goes above zero. The more sudden the 
rise of thermometer the harder the wind blows and the more quickly it hauls. One 
should watch the thermometer closely and get under shelter if a gale is coming; for 
neither man nor dog can stand these gales. You must be under shelter. Have 
seen it snowing — that is a fine snow falling — when there was not a cloud in the sky 
and very light wind. It is advanced by some that there was a higher wind that 
carried the snow from the mountain peak. 

a Mean temperature February 1 to 20 —33° F. 
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TempertUuren on Dawson trail al8 a. m., February to May, 1901 — Continued. 



Date. 


Aeg.F. 


state of atmosphere. 


Mar. 13 


13 
-23 
-22 

10 
-10 

- 8 

- 4 
2 




-20 
6 
3 
2 
2 

24 

8 

6 

3 

4 

14 

18 

8 

4 

6 

4 

4 

8 

3 

4 

10 

8 

2 

18 

16 

14 

12 

22 

16 

18 




17 




18 




19 
20 


Snowstorm 


21 




22 




23 




24 




25 




26 




27 




28 




29 




30 
31 


High wind 


Apr. 1 




2 




3 




4 




6 
6 


High wind 


7 




8 




9 




10 




11 




12 




13 




14 




24 




25 




26 




27 




28 




29 




30 




May 1 




2 




3 




4 





LocaUty. 



Near Eagle City. 

Mouth of Washington Creek. 

Do. 
Charlie River. 

Do. 
Cirde. 
Near Circle. 
Near Fort Yukon. 

Do. 
Fort Yukon. 

Do. 
Mouth of Chandlar River. 
On Chandlar River. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Divide between Chandlar and South Fork, Koyukuk River. 
On South Fork, Koyukuk River. 
Slate Creek. 

Koyukuk River near Bettles. 
John River. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Bettles. 



CLIMATIC CONDITIONS. 
TBn^fteratures on Dawson trail at 8 a. w., February to May^ 1901 — Continued. 



127 



Date. 


Deg.F. 


State of atmosphere. 


Locality. 


May 5 
6 


20 
22 
24 
27 
12 




Bergman. 
Do. 




7 




Do. 


8 




Do. 


9 




Do. 









Temperatnre at mominy, noon, and evening at localiiieH hetireen Bergman and Arctic coaM. 



May 1 

2 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

June 1 

2 

3 

4 

5 

6 



Drg. F. 
19 
14 
19 
14 
14 
34 
33 
35 
3!) 
30 
31 
28 
35 
43 
48 
37 
37 
40 
49 
44 
46 
43 
50 
32 
41 
36 
42 
51 
53 
58 
38 



1 

Noon. 

Deg. F. 
33 
44 
33 
44 
34 
35 
36 
38 

40 

39 
56 
44 
45 
45 
45 
51 
46 
52 
49 
48 
43 
42 
39 
45 
52 
57 
50 
44 


p. m. 


Atmosphere. 


Locality. 


Deg.F. 
26 




Bergman. 
Do. 




26 
24 
24 
25 
31 
31 
36 
31 
26 
38 
42 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 


40 
41 
38 
43 
46 
42 
40 
43 
38 
33 
41 

42 
51 
54 
45 
37 




Do. 


Rain, 0.02 inch; light wind north .. 


Do. 
Do 


Fair 


Do 


do 


Do. 


do 


Do. 


do 


Do. 


Rain 


Do. 


Snow for 36 hours 


Do. 


Snow; prei'ipitatirm to dat^, 0.67... 
Rain 


Do. 
Do. 
Do. 
Do. 


Win<l south west, cloudy; rain, 0.03. 
Snow 


Do. 
Do. 
Do. 
Do. 
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Temperature at momingy noon^ and evening at localUieit betu>een Bergman and Arctic coast — Continued. 



Date. 


a. m. 


Noon. 


p. m. 
Deg.F. 

40 
62 
55 
63 
52 
60 
64 
64 
60 
58 
55 
49 
48 
52 
62 
62 
54 

55 


AtmoBpherc. 


T/>ca1ity. 


June 7 


Deg.F. 
35 
55 
42 
51 
60 
67 
57 
62 
63 
61 
56 
56 
56 
48 
42 
48 
58 
51 
58 
56 


Deg.F. 
45 

67 
68 

52 
68 
71 

60 


Snow . . .. 


Beigman. 
Do. 


13« 


Fair 


14 


do 


John River. 


15 


do 


Do. 


16 


Fair, light wind southwest 


Do. 


17 
18 


Rain 6. p. m. to 8 p. m., 0.01 

Cloudy 


Do. 
Do. 


19 


Fair 


Do. 


20 


do 


Do. 


21 


Cloudy 


Do. 


22 


Fair 


Do. 


23 


do 


Do. 


24 


Fair; rain, 0.09 


Do. 


25 


Rain, 0.26 


Do. 


26 


Rain, 0.20; wind south 


Do. 


27 


Fair 


Do. 


28 
29 


Fair; t^^mperature (water) 52° 

Rain, 0.02 


Do. 
Do. 


'SO 


Fair 


Do. 


July 1 


do 


Do. 


2 


Rain, 0.04 


Do. 


3 


57 
50 
50 
60 
60 
64 
57 
50 
47 
53 
44 
44 
5 




57 
44 
57 
65 
54 
64 
52 
49 
49 
55 
42 
51 


Light snow 


Do. 


4 


Rain, 0.08 


Do. 


5 


Fair, wind northwest 


Do. 


6 


Fair 


Do. 


7 


do 


Do. 


8 


do 


Do. 


9 


Drizzling rain 


Do. 


10 


do 


Do. 


11 




Do. 


12 




Do. 


14 
15 


Rain, 0.20; strong wind north 

Fair, light wind north 


Do. 
Do. 


16 




Do. 


18 




61 
63 


Fair, cloudy, wind south 


Do. 


19 








Do. 


20 


62 
68 
72 
68 




Fair 

do 

do 

do 


Do. 


21 
22 
23 


80 
74 


70 
72 


Koyukuk-Colville divide. 
Do. 
Do. 



n MoHt of the dates that follow 
which the respective obflcrvations 



appear on the accompanying mape, Pis. II and III, and dcHignate the localities at or near 
were made. 
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Temperature at morning^ noon^ and evemng at localUies between Bergman and Arctic coast — Continued. 



Date. 



July 



Aug. 



24 
25 

2<) I 

27 I 

28 ' 
2^) \ 
301 
31 I 

1 ! 



2 

I 

3 , 

4 I 

5 I 

<> I 

"1 

8 

9 

10 

11 

12 

13 

14 

15 

1() 

17 

18 

19, 

20 I 

211 

22 I 

23 1 
24 
25 
26 



Sept. 



28 I 

29 ' 
30 
31 

1 



a. m. ' Noon. 



Dry. F. j Dcg. F. 
76 ' 85 

68 I 

66 I 

62 



54 
34 
41 
44 
55 
62 
44 
52 
54 
60 
60 
44 
46 
43 

48 
43 
48 
40 
38 
38 
SS 
38 
52 
44 
39 
38 
42 
42 
37 
3() 
32 
32 
31 
32 
33 
32 
189- 



36 



p. m. 



Dfff. F. 
80 
83 

m 

52 

50 
36 
50 



74 
69 
67 
()3 
65 
58 
52 
50 
48 

52 

52 

55 

45 

42 

42 

40 

38 I 

I 

44 1 

46 I 

50 

42 

42 

39 

38 

36 

33 1 

I 
32 

34 

32 

33 

32 

No. 20 



Atmojiphere. 



64 
69 
64 
()2 
58 
60 
64 
48 
44 
47 

42 

51 
52 
40 
42 
43 
38 
42 
44 
52 
40 
42 
39 
36 
33 
32 
32 
32 
32 
32 
32 
— 04 



Light showers 

Cloudy 

Fair 

Rain, 0.20.... 

liain, 0.J7 

Rain, 0.27.... 
Rain, 0.05 .... 
Fair , 



do 

Fair, hazy.. 
Fair, Huioky 

do 

Fair 



C-loudy 

liain 0.04 

River temperature 52° 

Cloudy, drizzling rain; river teni- 
|)erature 50°. 

Cloudy 

do '.... 

do 

Light showers 

Cloudy, sleet and rain; wind south. 
Fair 



Cloudy, snow . 
Fair 



I Fair. 



I Cloudy, wind e^at 

I Clou<ly, rainy, strong win<l east 

' Snows(jualls, all <lay strong wind east 

Snow squalls, strong wind 

, Strong wind east 

('loudy, wind east 



Cloudy, snow sijualls . 
Wind northeast 



Locality. 

Anaktuvuk River. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Colville River. 

Do. 

Do. 

Do. 
Colville River delta. 

Do. 

Do. 

Do. 
Harrison Ray. 

Do. 

Do. 

Do. 
Near Ca\H} Halkett. 
Pitt Point. 
Sniitli Bay. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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RECONNAISSANCE IN NORTHERN ALASKA IN 1901. 



Temperntiire at murninfj^ wpftu^ and ereniug at IrHyjliticJi fjetuven Bergman and Ardir coaM — Continue<l- 



I>ftte. 



I 



S<fi*t. 2 



Dry, F. 



3 


:i5 


4 


36 


5 


m 





37 


7 


:« 


8 


:« 


9 


33 


10 


;i() 


n 


32 


12 


33 


13 


32 


14 


;i5 


15 


38 


1« 


:kj 


17 


31 


18 


:^6 



/>///. A'. 



p. m. 

:y) 
:i5 
:^6 

32 

:i5 

31 

;^) 

33 
33 
32 
38 

:w 
.% 
:io 



Atind^phere. 



Lficmlity. 



Snow wjuallH Sinclair River. 

Clear Off Dease Inlet 

<lo Cape Smyth. 

<lo Near Refuge Inlet. 



.<lo 
.do 
.do 
.do 
.dr> 
.do 



! do 

j do, 

do 

...<io 



I 



Do. 

Do. 
Peard Bay. 
Off Belcher Point. 
Off Wainwright Inlet. 
Near Wainwright Inlet. 

Do. 
Off Icy Cape. 
Off Point Lay. 
Near Cape Beaufort. 

Do. 
Ca|>e Beaufort. 
Off Cape Sabine. 



The miiiiniiim tcMiiperatures recorded for the Koyukuk district at Coldfoot ai'o 
n^ported to In; — SO^ and even lower, but the instruments on which these records are 
based are not known. It is hardly to be supposed, however, that it becomes much 
cold(»r here than at Circle^ Dawson, and other points on the Yukon. Though gmss 
and other f(»ed was scjirce, a horse is reported to have wintered at large on North 
Fork of the. Ko3'ukuk, on Mascot Creek, in lJ)02-3, and appeared to be in fair 
condition in the spring. 

ARCTIC? PLANTS COI.LFX^TKD. 

The following plants, collected on the trip mostly })y G. H. Hartman, have been 
identified, with the excerption of the grasses, by Frederick V. Coville and W. F. 
Wight, botjinists of the IT. S. Department of Agriculture. The grasses were identi- 
tied by Mr. Elmer 1). M(»rrill. The localities of collections are designated by camp 
dates, which latter will be found on the topogniphic and geologic maps (Pis. II and 

III). 

Kui'iHKTACE-K. (Horsetail family.) 
K(/uw'tutii arrniKC L. 
At funip, AujjriiHt J 2. 



ABCTIC PLANTS COLLECTED. 131 

Po ACRfi. ( Grass family . ) 

Arctagrostis latifolia (R. Br.) Griseb. 

Point Barrow, September 4. 
Poa arctica R. Br. 

At camp, August 12. 
Bromui arcticus Shear. 

At camp, August 6. 
Elifinus iimovaliis Beal. 

Cape Smyth, September 5. 

MELANTHACEiE. (BuDch-flower family.) 
Zygadenus elegans Pursh. 
At camp, August 5. 

SALicACEiE. (Willow family.) 

Cape Smyth, September 5. 
Scilix. 

Point Barrow, September 4. 
Scilix, 

At camp, August 12. 
SaMz. 

At camp, August 5. 
Scdix. 

At camp, John River, altitude 1,800 feet, June 20-21. 
Salix alaxerms (Anders.) Coville. 

John River, June 24; John River Valley fiats, July 8; at camp, John River, July 10; at 
camp, August 5; at camp, August 6; at camp, August 12. 
Salix arhu8culoi(k8 Anders. 

At camp, John River, June 28; John River, 1,000 feet above valley, July 8; at c»mp, John 
River, July 10; at camp, August 0. 
Sdlix ghmca L. 

John River, 1,000 feet alxjve valley, July 8; at camp, Arctic slope, July 21; at camp, 
August 6; at camp, August 12. 
Salix niphnckida Rydb. (apparently). 

At camj), John River, July 10; at camp, Anaktuvuk River, August 5. 
Sidix ovalifhlid Trautv. 

At camp, Colville delta, August 14. 
Salix pidrhnt Cham. 

John River, June 24; John River, 1,000 feet above valley, July 8. 
StUix rirhardAoui H()()k. 

At camp, Kast Fork of John River, July 1(>-17. 

Bktulack.f.. (Birch family.) 
BfMa. 

At camp, Arctic slo^x*, July 21. 
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ScKOPiiuLAKiACEiB. ( Fig wort family.) 
Pediculari*, 

At camp, July 21. 
Pediciilarw verticillata L. 

At camp, Amiktuvuk River, August 5. 

CicnoRiACK^K. (Chicory family.) 
Taraxacum. 

At (^mp, Colville delta, August 14. 
Crepis nana KichanlH. 

At camp, August 6. 

Ahteracejs. (Aster family.) 
Solidttgo muitirailiata Ait. 

At camp, Anaktuvuk River, August 5. 
Aster. 

At camp, Anaktuvuk River, August 5. 
AMerjtihiricus L. 

At cami>, August 12. 
Erignon. 

At camp, John River, July 10. 
Tanacdmn. 

At c^amp, August 12. 
Ariemwa. 

At camp, John River, July 10. 
ArUntmia nnrvetjica Fries. 

At camp, August 6. 
Artemisia tiimi Leileb. 

At camp, August 12. 
Petasites. 

At camp, August 12. 
Arnica. 

At i^amp, John River, July 12. 
Arnica. 

At camp, August 12. 
Arnica. 

At camp, Arctic slope, July 21. 
Arnica lemngii (Torr. and (Jr.) (Jreene. 

At camp, Anaktuvuk River, August 5. 
Senerlo. 

Point Rarrow, Septemlx3r 4. 
Sewrii> (lujt'iiA Richards. 

At camp, August G. 
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Abbo, Cleveland, jr., aid by 115 

Alaska, investiKations in 11-14 

outline map of 11 

Alaska Coninioreial Company, acknowledgments to. . . 13 

Alatna River, gold-bearing ore on 102-104 

name of. note on 20 

reconnaissance up 20 

Allen, H. T., cited on Kndicott MounUilns 40 

exploration by 29 

Allen River, name of, note on 20 

Sec Alatnu River. 

Amphiljole-Kchist. Sec Totsen .serie.s. 

Anaktuvuk I^ass, glacial <ief)osits near 86 

glacial lakes at 85 ' 

section west of, figure showing 51 ] 

view near 56 , 

Anaktuvuk Plateau, extent and character of 45-46 ( 

view showing 42 

Anaktuvuk River, Anaktuvuk series on, plate show- 
ing 70 

coal from, analy.sis of 114 

coal on, occurrence of 107 

Colville series on 82 

distances along, table showing 37 

fossils from, list of 80 

glacial deposits on 86-88 j 

Lisburne formation near 63 

Nanushuk series on 79 

plate showing 80 

profile across 46 

Recent deposits ahmg 94 

topographic features along 48 

Anaktuvuk series, age and correlation of 76, 97 

chamcter and occurrence of 74-75 

structure of 75-76 

plate showing 70 

profile showing 46 

Analyses, coal 114 

Andreafski. meteorologic obsi^vations at and near ... 121 

Antimony, occurrence of la") 

Arctic coast, barrier rtvf and Eskimo grave near, plate 

showing % 

character of 48-50 

coal on 107-109 

distances along, table showing 38 

fossils from 96 

inlmbilants along, number and (iondition of 35-36 

meteorologic observations between Hergman 

and 127-130 

Re<'ent deposits along 95-% 

view of 50 

Arctit Coastal Plain, edge of, view of ."SO | 

extent and character of 46,81 I 
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Arctic Ocean, depth of 49 

Arctic slope province, coast line of 48-50 

drainage of 46-48 

extent and character of 45-46 

Area discussed, climatic conditions in 114-130 

geography of 38-50 

geologic history of 52-55 

geologic map of 40 

geology of 50-97 

location and general features of 38-39 

mineral resources of 98-114 

plants collected in 130-134 

top<^>graphic map of 38 

Arkose. Sre Anaktuvuk series: Koyukuk series. 
Barometer. See Climatic conditions. 

Barrier reef on Arctic coa.st, plate showing 96 

Barrow, Point, coast between Cape Lisburne and, char- 
acter of 49-^ 

coast between Colville River and, character of .. . 48-49 

Recent deposits between Colville River and 95 

between Cape Lisburne and 96 

settlement at 86 

topographic features at 49 

trip from Bettles to, account of 21-24 

Beaufort, Cape, coal at, occurrence of 1 10-111 

coal from, analysis of 114 

mcks exi>osed at 73 

topographic features near 50 

Beechey, F. W., exploration by 26 

Bell, J., exploration by 27 

Bennett, Ben, work of 11 

Bergman, glacial deposits near 90 

meteorologic observations between Arctic coast 

and 127-130 

Bergman series, age of 78-79 

character and occurrence of 77-78 

correlation of 97 

structure of 78 

Bettles, Ci. C, acknowledgments to 13 

Bettles. trip to Point Barrow from, account of 21-24 

Bibliography 31-33 

Bmuer, Charles, acknowledgments to 14 

reference to 86 

Bremner, John, river named for 17 

Brooks, A. H., cited on fossils from (ilacier Bay lime- 
stone 57 

cited on fossils from .southeastern Alaska 67 

letter of innismittal by 9 

work of 12 

Burlingame, E. E. »fe Co., work of 14 

Busby, E.S., acknowledgments to 18 

Cache Lake, view from 56 

California Creek, gold on, produ(!tion (»f 102 
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Pnge. 

Campbell, Robert, exploration by 27 

Camping, mannerof 16 

Canadian DevelopmentCompany, acknowledgments to 13 

Cantwell. J. C, exploration by 29 

Cape. See next word of name. 

Cape Lisbumc region. Fickett series in 72 

fossils from, list of 66 

geologic section in 41 

map of 44 

Carboniferous rocks, description of 67-72 

Carter, T. G., and Marsh, 8. J., exploration by 80-31 

Chandlar Basin, copperin 104 

Chandlar River, meteorologic observations on 115-118 

Chandlar River gravels, fojwils from, list of 66 

Chert. See Nanushuk series. 
Chloritic schists. Sec Fickett series. 

Clara Creek, gold on, production of 102 

nugget from, size of 101 

Clay. See Kowak clay. 

Climatic conditions, tables showing 114-130 

Coal, analysisof 114 

occurrence of 106-114 

Coast along Arctic Ocean, character of 4^^-50 

Coastal region, recent deposits in 9&-96 

Collier, A. J., cited on fossils of Seward Peninsula — 68 

reference to 71 

Collin-son. R., exploration by 27 

Colville delta, extent and character of 47-18 

Colville Flats, extent and character of 47 

Colville River, bluffs on, view of 48 

coal from, analysisof 114 

coal on, occurrence of 107-109 

coast between Point Barrow and, character of 48-49 

distances along, table showing 37 

between Cape Smyth and 88 

fossil locality on, view of 84 

moundsnear 94 

IMeistocene flats on, plate showing 96 

Recent deposits along 94-95 

topographic features along 46-48,81,94 

Colville series, character and occurrence of 81 

coal in 107-109 

correlation of 97 

fossil locality on, view of 84 

fossilsfrom, list of 83 

river bluffs in, view of 48 

structure of 82 

plate showing 82 

Conglomerate. See Bergman. Fickett, Stuver series. 

Contact Creek, Lisbume formation near 63, 64 

moraine in valley of 85 

Cook, James, exploration by 25 

Copper, occurrence of 104 

Correlation of Anaktuvuk series 76, 97 

of Corwin series 74, 97 

of Fickett series 71-72,97 

of formations, table showing 97 

of Lisburne formation 65-67, 97 

of Nanushuk series 80-81, 97 

of Skajit formation 58, 97 

of Stuver scries 62, 97 

of Totscn series 59-60, 97 

Corwin stTies. n^e of 74 

character iiikI occurrence of ?2-73 

coal b(»d and rocks of, plate showing 82 

coal in 111-113 

corrclji tl(»n of 74, 97 

Ktnu'ture of 73 
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Corwin mines, coal at. occanence 112-113 

coel from, analyses of 114 

coal bed and rocks at 82 

Cosmos, Fort, temperature at 123-124 

Cotter, R. D., and Dyer, J. T., exploration by 28 

Coville, F. v., plants identified by 180-134 

Cretaceous rocks, description of 74-81 

Dall, W. H., exploration by 28 

fossils identified by 96,83 

quoted dn ground ice 91-92 

reference to 71 

work of 14 

Dawson, G. M . , cited on age of Yukon Plateau 43 

Dawson trail, meteorologic observations on 126-127 

Deaseand Simpson, exploration by 26 

reference to 47,49 

Delta at mouth of Colville River, description of 47-48 

Devonian rocks, description of 62-67 

Dikes on John River 68-64 

Distance, tableof 87 

Dog sledding, description of 14-16 

Double Mountain, till terraceson 90 

Drainage of Arctic slope province 46-48 

of Endicott Plateau 48 

of Koyukuk province 46 

Dumars, H. D., fossils collected by 66,71,74,U4 

Dyer, Cape, rocks exposed at 67 

Dyer, J. T., and Cotter, R. D., exploration by 28 

Eagle Bluff and Ironside Bench, gold at, production of 102 

Edge, Joe, work of 12 

Eldridge, G. H. , cited on Cantwell conglomerate 76 

Emma Creek, gold on, production of 102 

Endicott Mountains, Anaktuvuk series near 74-75 

ancient plateau of, features of 42-43 

Fickett series in 68 

general features of 40-41 

glaciation in, plates showing 58, 70, 84, 86 

Lisbume limestone and Fickett series in, plate 

showing 42 

Skajit formation in 66,57 

plateshowing 66 

Stuver series in 60,61 

views of 42,46,60,66,70,84,86 

Endicott Plateau, drainage of .-. 43 

features of 42-43 

profl le showing Yukon and Koyukuk plateaus and 44 

view of 46 

Ericson, acknowledgments to 14 

Eskimo grave on Arctic coast, plate showing 96 

Explorations, account of 26-33 

Fickett series, age of 70-71 

character and occurrence of 67-69 

correlation of 71-72,97 

fossilsfrom, listof 70 

metalliferous mineralization in, zones of 106 

moraine on, plateshowing 86 

quartz stringers in, view of 76 

structure of 69-70 

view of 42,70 

Flats on Colville River, extent and character of 47 

Fontaine, W. M., fossils identified by 74 

work of 14 

Fork Peak, till at 84 

Formations, table of 63 

Fort. See next word of name. 

Fossils from Arctic coast 96 

from Cape Lisbume region 66 

from Chandlar River gravels 66 
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FoffiilHfrom Ck>lvi He scries 

from Fiokett scries 

from Lisburnc formation 

from Nanushuk Kcries 

from Wainwright Inlet 

from Yukon Basin 

Franklin, Sir John, exploration by. 
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83 

70 

65 

80 

74 

81 

26 

Geography of region, discussion of 38-60 

Geology of region, discussion of 50-97 

Gerdinc.T. G., reference to 38 

work of 11 

Girty, G. H., foj»sils identified by 66 

work of 14 

Glacial deposits, description of 84-91 

Glacial lakes, occurrence of 85 

Glaciution. de.**(;ription of 84-91 

In upper John River Valley, plate showing 84 

Gold in Koyukuk Basin, Hammond Creek 100 

John River 100-101 

MascotCreek 100 

MyrtleCreok 99 

North Fork 100 

SlateCrcek 99 

Tramway Bar 100 

occurrence of 98-104 

manner of 101 

producti(m of 102 

Gold Bench, gold at, production of 102 

Gold Creek, antimony on 105 

gold on, production of 102 

Greenstone. Sec Totsen series. 
Grit. See Fickett series. 

Ground ice, occurrence of 91-92 

Gubik sand, occurrence of 93 

Halkett. Cape, ground Ice at 92 

view of 66 

Hammond Creek, gold on 102 

nuggets from, size of 101-102 

Hartman, G. H., plants collected by 130-134 

work of 11 

Healey, M. A., work of 28 

Hearne, Samuel, exploration by 26 

Hokotcna River, lead on 106 

Holy Cross, mctcorologic observations at 121 

Hope Point, description of 61 

native population at 36 

Howard, \V. C, exploration by 29 

quoted on coal from Colville River 109 

reference to 67 

work of 11 

Howard and Reed, reference to 72 

Hunt. T. M.. work of 11 

Ice, breaking up of 15-16 

Icy Cape, barrier reef and Kskimo grave near 96 

Igneous ro(;kM, table of 63 

Inhabitants, number and (conditions of 33-34. 35-36 

Ironside Bench and Eagle Bluff, gold at, production of. 102 

John River, coal on 107 

dikes on 53-54 

distances on, table showing 37 

Fickett series on, plate showing 70 

glacial depoMtH on 89 

name of. note on 17 

reconnaissance up 20-21 

Skajit limestone on, views of 50. 56 

till along RI-K-j 

Totjjcn series on Tvs, 59 

views on 50, 56 
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John River Valley, glaciatlon In, plate showing < 84 

glacier In, remnant of 86 

remnantof, plateshowlng 86 

gold In 100-101 

moraine In 86 

plate showing 86 

topographic features of 43 

viewsof 46 

Kennlcott, Robert, cited on Devonian fossils from 

Lower Ramparts 66 

exploration by 28 

Ketchum and Laberge, exploration by 28 

Koog River, coal on 110 

Kotzebue, O. von, exploration by t 26 

Kowak clay, occurrence of 92-93 

Kowak River, temperature on 123-124 

Koyukuk district, coal In 107 

copiK?r in 104 

gold in. occurrence of 98-104 

production of 102 

Koyukuk Plateau, profile showing Kndicott and Yukon 

plateaus and 44 

relation to Endicott Plateau 42 

Koyuku k province, drainage of 45 

general features of 44-45 

Koyukuk River, coal from, analysis of 114 

coal on, occurrence of 107 

Ice on, breaking up of 15-16 

meteorologic observations along 118-121 

placers on 35 

population along 33-^ 

travel along, meansof 34 

Koyukuk series, character, occurrence, structure, and 

age of 77 

Laberge and Ketchum, exploration by 28 

Lagoons, occurreni'e of 60 

Lead, occurrence of 105 

Lewis, Cape, limestone at 67 

Limestone. See CU)rwIn series; Fickett series; Lis- 
burnc formation; Nanushuk series; Koyu- 
kuk series; Skajit formation. 

Lisburnc, Cape, coal from, analysis of 1 14 

coal south of 113-1 14 

coast between Point Barrow and, character of 49-50 

Recent deposits between Point Barrow and 96 

section south of, figure showing 40 

See also Cape Lisbume region. 

Lisburnc formation, age of 64-()5 

character and occurrence of 62-64 

correlation of 65-67, 97 

distribution of 67 

fossils of, list of 65 

limestone of, views of 42, 56 

stnicture of 64 

Lukeen. I. S., exploration by 27 

McClure, Robert, exploration by 27 

reference to 48, 49 

McConnell, R. G., cited on fossils from I^)wer Ram- 
parts 66 

cited on fossils from Porcupine River 81 

exploration by •>9 

MoDougald. John. acknowle<igments to 18 

McLanigan,S. C, exploration by 29 

McMurray, , exploration by 27 

Mackenzie. Alexander, exploration by 25 

Mackenzie, I). A., reference to 36 

Maddren, A. G., aid by 14 

cited on fossils at Cape Lisbume 67 
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Maddron, A. G., quoted on eoal near Cape Liabnrne . . 113 

reference to 66 

Magiiire, , exploration by 28 

MalakofT, , exploration by 27 

Marsh. S. J., and Carter, T. G., explomtion by 30-31 

Marshall, R. B.. work of... 12 

Mascot Creek, gold on loO 

Mcndenhall, W. C, cited on geology on Alatna and 

Kowak rivers 51 

cited on glaciation on Alatna and Kowak rivers .. 90 
cited on igneous rock on Kanuti and Kowak rivers. 65 

exploration by 30 

reference to 71 

Merrill, E. D.. plants identified by 130 

Mesozoic rocks, description of 72-81 

Metalliferous mineralization, zones of 105-100 

Meteorologlc record for 18W. table showing 114-121 

Mlca-shist. .SreSkajit formation; Totsen series. 

Michigan Creek, lead on i 105 

Mineral resources, discussion of 98-114 

Moraine on John River, plate showing 86 

Moraines, occurrence of 85-86,87 

Mounds near Colville River 94 

Mountain province, description of 39-44 

Myrtle Creek, gold on, occurrence of 100, 102 

gold on, production of 102 

Mushing, desc^ription of 14 

Nanushuk series, character and occurrence of 79 

coal In 107 

correlation of 88,97 

foflsilsof, listof 80 

plate showing 80 

structure and age of 80 

Natives, number and condition of 33, 35-36 

North Fork Koyukuk River, gold on 100 

Northwest coast, coal on 109-114 

Norton, C. L., cited on coal from Corwin mines 112 

Norton Sound, meteorologlc observations on 121 

Nuggets, size of 101 

Nulato, meteon>logic oliservations at 121 

Nulato sandstone, fossils of 81 

Operations, chronologic summary of 16-17 

plan of 18 

Paleozoic rocks, description of 56-72 

structure of 55-56 

Peneplain In Endi(;ott Mountains 42-43 

Peters, W. J., meteorologic observations by 122-123 

report on itinerary and topographic methods by . . 1^25 

work of 11 

Philip, Gaston, meteorologic observations by 125-130 

work of 11 

Phyllites. See Fickett series. 

Pickarts Brothers, acknowledgments to 13 

Placers on Koyukuk River 85 

See alifo Gold. 

Plants collected, listof 130-134 

Pleistoc^ene deposits, description of 84-96 

Pleistocene flats on Colville River, plates showing 96 

Point. See next word of name. 

Population, numbi'r and conditions of 33-34, 35-36 

Porcupine Creek, gold (ni, pnKluction of 102 

l^riK-ipitation at Uglaamie 123 

Prindle,L. M., aid by 103 

inillen, exploration by 27 

Putnam River. See Kowak River, 

(Quartz gash stringer, in Fickett series, view of 70 

(iuartz-mica-schist. .V*? Totsen w.-ries. 
Quartzite. See Fickett, Nanushuk, Stuver series. 
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Rainfall. See Precipitation. 

Ray, P. H., work of 28 

Raymond. C. W., work of 28 

Reabum, D. L., work of u 

Recent deposits, occurrence of 94-96 

Reed, J. L., reference to 109 

Reed and Howard, reference to 72 

Reed, J. L., and Lucas, Walter, exploration by . 81 

Rivers. Sec Drainage. 

Route, accfjuut of 18_24 

Russell, Frank, exploration by 29 

Sabine, Cape, rocksexposed at 73 

view of 5g 

St. Michael, meteorologic observations at 121 

8«ind. Sec Gubik sand. 

Sandstone. See Anaktuvuk series: Bergman scries; 
Colville series; Corwin series; Fickett 
series; Koyukuk series; Nanushuk series. 

Schists, chloritic. See Fickett series. 

8(?hrader, F. C, cited on benches on Koyukuk River. 43 

cited on Bettles series 58, 64. 65. 67 

cited on Chugach Plateau 42 

cited on fossils from Chandlar River gravels 65 

cited on glacial deposits in Chandlar River Basin. 89 

cited on gold at Slate Creek 99 

cited on intrusions in Koyukuk Basin 55 

cited on Lake quartz-schist of Chandlar River 59 

cited (m Kenai series 107 

cited on Koyukuk Basin 44 

cited on Koyukuk Flats 45 

cited on Koyukuk series 76 

cited on Nulato sandstone gi 

cited on West Fork series of Chandlar River 71 

cited on Yukon Plateau 44 

Schrader, F. C. and Spencer, A. C, cited on Chugach 

Plateau '. 42 

cited on Kennicott formation 74 

Schuchert, Charles, fossil identified by 57, 65, 66, 70 

reference to gg 

work of 14 

Sedimentary n>cks, description of 55-96 

tableof 63 

Shale. See Bergman series; Colville series; Corwin 
series; Koyukuk series; Nanushuk scries; 
Stuver series. 

Silt. See Colville series. 

Silurian rocks, description of 56-62 

Simpson and Dease, exploration by 26 

reference to 47,49 

Skajit formation, age of 57-68 

characterand occurrenceof 56 

correlation of 68,97 

structure of 66-67 

limestone of, views of 50, 56 

Slate. See Bergman, Fickett, Nanushuk, Stuver series. 

Slate Creek, gold on, occurrence of 99 

gold on, production of 102 

Sledding, description of 14-15 

Smyth, Cape, distances between Colville River and 88 

settlementat 35 

Snow. See Precipitation. 

Spencer, A. C, and Schrader, F. C, cited on Chugach 

Plateau 42 

cited on Kennicott formation 74 

Spurr, .I.E., cited on age of Yukon Plateau 48 

cited on Carboniferous fossils from Yukon Basin.. 71 

citiMl on Devonian in Kuskok wim n^gion 67 

cited on Mission Creek series 96 
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Spurr, J. E., exploration by 30 

plan of exploration proposed by 12 

Stanton, T. W., fossils identified by 76,81 

work of 14 

Steiger, George, analyses by 114 

work of 14 

Stokes, H. N., work of 14 

Stoney, G. M., cited on break-up of ice 16 

cited on coal on Colville River 109 

cited on Endicott Range 67 

meteorologic observations by 123-126 

Streams. See Drainage. 

Structure of Anaktuvuk series 75-76 

of Anaktuvuk series, plate showing 70 

profile showing 46 

of Bergman series 78 

of Colville series 82 

plate showing 80 

of (^)rwin series 73 

of Fickett scries 09-70 

of Koyukuk series 77 

of Lisburne formation 64 

of Nanushuk series 80 

plate showing 80 

of Paleozoic rtK.'ks 55-66 

of Skaji t formation 56-57 

of Stuver series 61-32 

of Totsen series 69 

Stuver, C. H., work of 71 

Stuver series, age and correlation of 62, 97 

character and occurrence of 60-61 

structure of 61-62 

Temperature. See Climatic conditions. 

Tertiary coastal plain, river bluffs in, view of 48 

Tertiary rocks, description of 81-88 

Thetis mines, coal at Ill 

Tides <m Arctic coast , 49 

Till, occurrence of ft4-90 

Till Creek, till on 84 

Timber, occurrence of 19 

Topographic work, methods of 24-25 

Totsen siTies, character and occurrence of 58-59 

structure and age of 59 

correlation of 69,97 
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Totsen series, metalliferous mineralization in, zones 

of 106 

Totscnbet River, name of, note on 68 

iSce John River. 

Tramway Bar, coal near, analysis of 114 

coal near, occurrence of 107 

gold at. occurrence of 100 

production of 102 

Transportation, method of 14-15 

method of, on Arctic coast 87 

on Koyukuk River 34 

Travel. See Transportation. 

Tuluga River, glacial deposits near 88 

Turner, aid by 20 

Turner, J. H., exploration by 29 

work of 11 

Twelvemile Creek, gold on, production of 102 

Uglaamie, precipitation at 128 

temperature observations at 122 

Union Gulch, gold in, pnxluction of 102 

nugget from, size of 101 

Wainwright Inlet, coul at 110 

coal from, analysis of 114 

Corwin neries near 78 

fossils from, list of 74 

Ward. L. F., fossils identified by 74 

work of 14 

Weather. See Climatic conditions. 

White, David, fossils identified by 71, 114 

Wight. W. F., plants identified by 130-134 

Wild Creek, lead on 105 

Willow Creek, till near , 87-88 

Wind. See Climatic conditions. 

Woolfe, H. D., cited on coal at Wainwright Inlet 110 

fossils collected by 74 

quoted on coal at Cape Beaufort Ill 

Work, methods of 14-18 

Yukon, Fort, meteorologic observations at 115 

Yukon Basin, fossils from 81 

Yukon Plateau, age of 43 

profile showing Endicott and Koyukuk plateaus 

and.... 44 

Yukon River, meteorologic obser\'ations on 121 

Zagoskin, A., exploration by 27 



134 BEOONNAISSANCE IN NOKTHEKN ALASKA IN 1901. 

ScROPUULAUiACEiE. (Figwort family.) 
Pediadaris, 

At camp, July 21. 
Pediciilaris verticillata L. 

At camp, Anaktuvuk River, August 5. 

CiCHORiACE^. (Chicory family.) 
Tamxacum, 

At camp, Colville delta, August 14. 
Crepis nana Kichanls. 

At camp, August 6. 

Ahteracej,. (Aster family.) 
Solidago imUtiradiaia Ait. 

At camp, Anaktuvuk River, August 5. 
Aster. 

At camp, Anaktuvuk River, August 5. 
Aster jfibiricus L. 

At camp, August 12. 
Erigeron. 

At c^mp, John River, July 10. 
Tanacetum. 

At camp, August 12. 
Artemisia. 

At camp, John River, July 10. 
Artemisia norvegica Fries. 

At camp, August 6. 
Artemisia tilesii Ledeb. 

At camp, August 12. 
Petasites. 

At camp, August 12. 
Arnica. 

At camp, John River, July 12. 
Arnica. 

At camp, August 12. 
Arnica. 

At camp, Arctic slope, July 21. 
Arnica lessingii (Torr. and Gr.) Greene. 

At camp, Anaktuvuk River, August 5. 
Senerio. 

Point Barrow, September 4. 
Senrcia higens Richards. 

At camp, August 6. 
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Abbe, Cleveland, jr., aid by 115 

Alaska, in vt-stigntions in 11-14 

outline map of 11 

Abiska Cnninicn-ial ('ompany, au-knowledgmunts to. . . 13 

Alatna River, gold-bearing ore on 102-104 

name of. note on 20 

reconnaissance up 20 

Allen, H. T.. cited on Endicott MountaiiiM 40 

exploration by 29 

Allen River, name of, note on 20 

Scf. Alatna River. 

Amphil)ole-scbi.st, .Vr Totsen series. 

Anaktuvuk Pass, glacial <ierK)sit.s near 86 

glacial lakesat 85 

section west of, figure nhowing 51 

view near 56 

Anaktuvuk Plateau, extent and character of 45-46 

view showing 42 

Anaktuvuk River, Anaktuvuk series on, plate show- 
ing 70 

coal from, analysis of 114 

coal on, occurrence of 107 

Col ville si»rics on 82 

di.Mtances along, table showing 37 

fossils from, list of 80 

glacial dei)Osits on 86-88 

Lisburne formation near 63 

Nanushuk series on 79 

plate showing HO 

profile across 40 

Recent deposits along 94 

topographic featnres along 48 

Anaktuvuk series, age and correlation of 76, 97 

chara<*ter and (M'currence of 74-75 

stnicture of 7^76 

plate showing 70 

profile showing 46 

Analyses, coal 114 

Andreafski, meteorol(»gic observations at and near ... 121 

Antimony, occurrence of 105 

An'tic I'oast, barrier reef an<l Eskimo grave near, plate 

showing 96 

(Character of 48-50 

coal on 107-109 

<listances al<mg, table showing 38 

fossils f r<»m 96 

inhabitants along, numbtrrand condition of 35-36 

mclcorologic observations between Bergman 

and 127-130 

Recent <U'iM>sits along 95-96 

view of (JO 

Arcti" Coastal Plain, edge of. view of .'>0 

extent and character of 40, M 
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Arctic Ocean, depth of 49 

Arctic slope province, coast line of 48-50 

drainage of 40-48 

extent and character of 45-46 

Area discussed, climatic; conditions in 114-130 

geography of 38-50 

geologic history of 52-55 

geologic map of 40 

g(»ology of 50-97 

location and general featuns of 38-89 

mineral ri'sources of 98-114 

plants collected in 130-134 

topographic map of 38 

Arkose. See Anaktuvuk series; Koyukuk series. 
Barometer. See Climatic (Conditions. 

Barrier reef on Arctic coast, plate showing 96 

Barrow, Point, coast between Cape Lisbunie and, char- 
acter of 49-50 

coast between Col ville River and, character of .. . 4H-49 

Recent deposits between Col ville River and 95 

between Cape Lisburne and 96 

settlement at 36 

topographic features at 49 

trip from Bettles to, account of 21-24 

Beaufort, Cape, coal at, occurrence of 1 10-111 

coal from, analysis of 114 

rocks exposed at 73 

toi>ographic fcature^s near 50 

Beechey, F. W., exph)rfttiOn by 26 

Bell, J., exploration by 27 

Bennett, Ben, work of 11 

Bergman, glacial deposits near 90 

meteorologic observations between Arctic coast 

and 127-130 

Bergman series, age of 78-79 

chanicter and occurrence of 77-78 

correlation of 97 

structure of 78 

Bettles, G. C, acknowledgments to 13 

Bettles, trip to Point Barrow from, account <»f 21-24 

Bibliography 31-33 

Bniuer, Charles, acknowleilgments to 14 

reference to 36 

Bremner, .John, river name<l for 17 

Brooks, A. H., cited on fossils from (Uacier Bay lime- 
stone 57 

cited on fos.sils from southeastern Alaska 67 

letter of transmittal by 9 

work of 12 

Burlingame, E. E. & Co., work of 14 

Busby, F:.S.,acknowle<lgments to 18 

(?ache Lake, view from 56 

California Creek, gold on, prciduction of 102 
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Campbell, Robert, exploration by 27 

Camping, mannerof 15 

Canadian Development Company, acknowledgments to 13 

Cantwell, J. C, exploration by 29 

Cape. See next word of name. 

Cape Lisbumc region. FIckett series In 72 

foBsilsfrom, llstof 66 

geologic section in 41 

map of 44 

Carboniferous rocks, description of 67-72 

Carter, T. G., and Marsh, 8. J., exploration by 30-31 

Chandlar Basin, copperin 104 

Chandlar River, meteorologic observations on 115-118 

Chandlar River gravels, fossils from, list of 66 

Chert. See Nanushuk series. 
Chloritic schists. See Fickett series. 

Clara Creek, gold on, production of 102 

nugget from, size of 101 

Clay. See Kowak clay. 

Climatic conditions, tables showing 114-180 

Coal, analysis of 114 

occurrence of 106-114 

Coast along Arctic Ocean, character of 48-50 

Coastal region, recent deposits in 95-96 

Collier, A. J., cited on fossils of Seward Peninsula 58 

reference to 71 

CoUinson, R., exploration by 27 

Colville delta, extent and character of 47-48 

Colville Flats, extent and character of 47 

Colville River, bluffson, view of 48 

coal from, analysis of 114 

coal on, occurrence of 107-109 

coast between Point Barrow and, character of 48-49 

distances along, table showing 37 

between Cape Smyth and 88 

fossil locality on, view of 84 

mounds near 94 

Pleistocene flats on, plate showing 96 

Recent deposits along 94-95 

topographic features along 46-48,81,94 

Colville scries, <;haracter and occurrence of 81 

coal in 107-109 

correlation of 97 

fossil locality on, view of 84 

fossilsfrom, list of 88 

river bluffs in, view of 48 

structure of 82 

plate showing 82 

Conglomerate. See Bergman, Fickett, Stuver series. 

Contact Creek. Lisburne formation near 63, 64 

moraine in valley of 85 

Cook, James, exploration by 25 

Copper, occurrence of 104 

Correlation of Anaktuvuk series 76,97 

of Corwin series 74, 97 

of Fickett series 71-72,97 

of formations, table showing 97 

of Usbunie formation 65-67, 97 

of Nanushuk series 80-81,97 

of Skajit formation 68,97 

of Stuver series 62, 97 

of Totsen seri es .'y9-60, 97 

Corwin si^ries, age of 74 

character and occurrence of 72-73 

coal be<l and rocks of, plate showing 82 

coal in 111-113 

oorn'lation of 74, 97 

Ktructiire of 73 
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Corwin mines, coal at. occurrence 112-113 

coal from, analyses of 114 

coal bed and rocks at 82 

Cosmos, Fort, temperature at 129-124 

Cotter, R. D., and Dyer, J. T., exploration by 28 

Coville, F. v., plants Identified by 180-134 

Cretaceous rocks, description of 74-81 

Dall, W. H., exploration by 28 

fossils identified by 96,83 

quoted <tn ground ice 91-92 

reference to 71 

work of 14 

Dawson, G. M., cited on age of Yukon Plateau 43 

Dawson trail, meteorologic observations on 125-127 

Deaseand Simpson, exploration by 26 

reference to 47, 49 

Delta at mouth of Colville River, description of 47-48 

Devonian rocks, description of 62-67 

Dikes on John River 63-64 

Distance, tableof 37 

Dog sledding, description of 14-16 

Double Mountain, till terraccson 90 

Drainage of Arctic slope province 46-48 

of Endicott Plateau 48 

of Koyukuk province 46 

Dumars, H. D., fossils collected by 66, 71, 74, 114 

Dyer, Cape, rocks exposed at 67 

Dyer, J. T., and Cotter, R. D., exploration by 28 

Eagle Bluff and Ironside Bench, gold at, production of 102 

Edge, Joe, work of 12 

Eldridge. G. H., cited on Cantwell conglomerate 76 

Emma Creek, gold on, production of 102 

Endicott Mountains, Anaktuvuk series near 74-75 

ancient plateau of, features of 42-43 

Fickett series in 68 

general features of 40-41 

glaciation in, plates showing 58, 70. 84, 86 

Lisburne limestone and Fickett series in, plate 

showing 42 

Skajit formation in 66,57 

plateshowing 56 

Stuver series in 60,61 

views of 42,46,50,66,70,84,86 

Endicott Plateau, drainage of .-. 43 

features of 42-48 

profile showing Yukon and Koyukuk plateaus and 44 

view of 46 

Ericson, acknowledgments to 14 

Eskimo grave on Arctic coast, plate showing 96 

Explorations, account of 25-33 

Fickett series, age of 70-71 

character and occurrence of 67-69 

correlation of 71-72,97 

fossilsfrom, listof 70 

metalliferous mineralization in, zones of 106 

moraine on, plateshowing 86 

quartz stringers in, view of 76 

structure of 69-70 

view of 42,70 

Flats on Colville River, extent and character of 47 

Fontaine, W. M., fossils identified by 74 

work of 14 

ForkPeak. till at M 

Formations, table of 53 

Fort. See next word of name. 

Fossils from Arctic coast 90 

from Cape Lisburne region 66 

from Chandlar River gravels 66 
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Fo88fl8 from Ck>lville scries 

from Fickett series 

from Lisbunie formation 

from Naniishuk Keries 

from Wainwriglit Inlet 

from Yukon Basin 

Franklin, Sir John, exploration by. 
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83 
70 
65 
80 
74 
81 
26 



Geography of region, discussion of .^-SO 

Geology of region, discussion of 50-97 

Gerdine, T. G., reference to 38 

work of 11 

Girty, G. H., fossils identified by 66 

work of 14 

Glacial deposits, description of 84^91 

Glacial lakes, occurrence of 85 

Glm'iation, de^^cription of 84-91 

in upi>er John River Valley, plate showing 84 

Gold in Koyukuk Basin, Hammond Creek 100 

John River 100-101 

MascotCreek 100 

MyrtleCreek 99 

North Fork 100 

SlateCreek 99 

Tramway Bar 100 

occurrence of 98-104 

manner of 101 

production of 102 

Gold Bench, gold nt, production of 102 

Gold Creek, antimony on 105 

gold on, production of 102 

Greenstone. See Totsen series. 
Grit. Ste Fickett series. 

Ground Ice, occurrence of 91-92 

Gubik sand, occurrence of 93 

Halkett. Cape, ground ice at 92 

view of 66 

Hammond Creek, gold on 102 

nuggets from, size of 101-102 

Hartman, G. H.. plants collected by 130-134 

work of 11 

Healey, M. A., work of 28 

Heame, Samuel, exploration by 25 

Hokotena River, lead on lOH 

Holy Cross, meteorologic observations at 121 

Hope Point, description of 51 

native population at 36 

Howard, W. C, exploration by 29 

quoted on coal from Colville River 109 

reference to 67 

work of 11 

Howard and Reed, reference to 72 

Hunt, T. M., work of 11 

Ice, breaking up of 15-16 

Icy Cape, barrier reef and Eskimo grave near 96 

Igneous ro<,'ks, tjible of 53 

Inhabitants, number and conditions of 33-34.85-36 

I ronside Bench and Kagle Bluff, gold at, production of. 102 

John River, coal on 107 

dikes on 53-54 

distances on, table showing 37 

Fickett series on, plate showing 70 

glacial deposits on 89 

name of, note on 17 

reconnaissance up 20-21 

Skajit limestone on, views of 50,56 

till along 84-85 

Totsen series on 5h, 59 

views on ."^10,56 
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John River Valley, glaciation in, plate showing -84 

glacier in, remnant of 86 

remnant of, plate showing 86 

gold in lOO-lOl 

moraine in 86 

plateshowing 86 

topographic features of 43 

views of 46 

Kennlcott, Robert, cited on Devonian fossils from 

Lower Ramparts 66 

exploration by 28 

Ketch um and Laberge, exploration by 28 

Koog River, coal on 1 . . 110 

Kotzebue, O. von, exploration by • 26 

Kowak clay, occurrence of 92-93 

Kowak River, temperature on 123-124 

Koyukuk district, coal in 107 

copper in 104 

gold in, occurrence of 98-104 

pHKluction of 102 

Koyukuk Plateau, profileshowing Endicottand Yukon 

plateaus and 44 

relation to Endicott Plateau 42 

Koyukuk province, drainage of 45 

general features of 44-45 

Koyukuk River, coal from, analysis of 114 

coal on, occurrence of 107 

ice on, breaking up of 15-16 

meteorologic observations along 1 18-121 

placers on 36 

population along 33-84 

travel along, means of 34 

Koyukuk series, character, occurrence, structure, and 

age of 77 

Laberge and Ketchum. exploration by 28 

Lagoons, occurrence of 60 

Lead, occurrenceof 105 

Lewis, Cape, limestone at 67 

Limestone. See Corwin series; Fickett series; Lis- 
burne formation; Nanushuk series; Koyu- 
kuk series; Skajit formation. 

Lisbume, Cape, coal from, analyMs of 114 

coal south of 113-114 

coast between Point Barrow and. character of 49-50 

Recent deposits between Point Barrow and 96 

section south of, figure showing 40 

See also Cape Lisbume region. 

Lisbume formation, age of 64-65 

character and occurrence of 62-64 

correlation of 65-67, 97 

distribution of 67 

fassils of, list of 65 

! limestone of, views of 42, 56 

I stmcture of 64 

I Lukeen, I. 8., exploration by 27 

I McClure, Robert, explomtion by 27 

I reference to 48, 49 

' McConnell, R. G., cited on fossils from Ix)wer Ram- 

' parts 66 

cited on fossils from Porcupine River 81 

exploration by 29 

I McDouguld. John, acknowledgments to 18 

McLanigan.S. C, explomtion by 29 

I McMurray, , exploration by 27 

' Mackenzie, Alexander, exploration by 26 

' Mackenzie, D. A., reference to 35 

I Maddren, A. G., aidby 14 

I cited on fo.<«silH at Cape Lisburne 67 
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Maddren, A. G., quoted on coal near Cape Lisbumc . . 113 

n»ferenoe to 66 

Maguire, , exploration by 28 

MalakofT, , exploration by 27 

Marsh, S. J., and Carter, T. G., exploration by 30-31 

Marshall, R. B., work of. .1 12 

Mascot Creek, gold on loo 

Mendenhall, W. C, cited on geology on Alutna and 

Kowak rivers ftl 

cited on glaeiation on Alatna and Kowak rivers . . 90 
cited on igneous rock on Kanuti and Kowak rivers. 55 

exploration by 30 

reference to 71 

Merrill, E. D., plants identified by 130 

Mesozoic rocks, description of 72-81 

Metalliferous mineralization, zones of 105-lOG 

Mcteorologic record for 1899, table showing 114-121 

Mica-shist. SfeSkaj it formation; Totsen series. 

Michigan Creek, lead on -. 105 

Mineral resources, discussion of 98-114 

Moraine on John River, plate showing 86 

Moraines, occurrence of 85-86, 87 

Mounds near Colville River 94 

Mountain province, description of 39-44 

Myrtle Creek, gold on, occurrence of 100, 102 

gold on, production of 102 

Mushing, description of 14 

Nanushuk series, character and occurrence of 79 

coal in 107 

correlation of 88,97 

fossilsof, listof 80 

plate showing 80 

structure and age of 80 

Natives, number and condition of 33, 35-36 

North Fork Koyukuk River, gold on 100 

Northwest coast, coal on 10^114 

Norton, C. L., cited on coal from Corwin mines 112 

Norton Sound, mcteorologic observations on 121 

Nuggets, si ze of 101 

Nulato, mcteorologic observations at 121 

Nulato sandstone, fossils of 81 

Operations, chronologic summary of 15-17 

plan of 18 

Paleozoic rocks, description of 56-72 

structure of 55-56 

Peneplain In Endicott Mountains 42-43 

Peters, W. J., mcteorologic observations by 122-123 

report on Itinerary and topographic methods by . . 18-25 

work of 11 

Philip, Gaston, mcteorologic observations by 125-130 

work of 11 

Phyllltes. See Pickett series. 

Pickarts Brothers, acknowledgments to 13 

Placers on Koyukuk River 35 

See aliso Gold. 

Plants collected, listof 130-134 

Pleistocene deposits, description of 84-96 

Pleistocene flats on Colville River, plates showing 96 

Point Sec next wonl of name. 

Population, number and conditions of 33-34, 35-36 

Porcupine Creek, gold on, pnxluction of 102 

Precipitation at Uglaamie 123 

l»rindle,L. M., aid by 103 

Pullen, exploration by 27 

Putnam River. See Kowak River, 

Quartz ga-sh stringer, in Fickett series, view of 70 

Quartz-mica-schist. Ser Totsen series. 
Quartzite. See Fickett, Nanushuk, Stuver series. 



Page. 

Rainfall. See Precipitation. 

Ray, P. H., work of 28 

Raymond, C. W.. work of 28 

Reaburn, D. L., work of u 

Recent deposits, occurrence of 94-96 

Reed. J. L., reference to 109 

Reed and Howard, reference to 72 

Reed, J. L. , and Lucas, Walter, exploration by 81 

Rivers. See Drainage. 

Route, account of 18-24 

Russell, Frank, exploration by 29 

Sabine, Cape, rocks exposed at 73 

\iewof 56 

St. Michael, mcteorologic observations at 121 

Sand. See Gubik sand. 

Sandstone. See Anaktuvuk series: Bergman series; 
Colville series; Corwin series; Fickett 
series: Koyukuk series; Nanushuk series. 

Schists, chloritic. Sec Fickett series. 

Schrader, F. C. cited on benches on Koyukuk River. 43 

cited on Settles series 58,64.65.67 

cited on Chugach Plateau 42 

cited on fossils from Chandlar River gravels 65 

cited on glacial deposits In Chandlar River Basin. 89 

cited on gold at Slate Creek 99 

cited on Intrusions In Koyukuk Basin 55 

Cited on Lake quartz-schist of Chandlar River 59 

cited on Kenai series 107 

cited on Koyukuk Basin 44 

cited on Koyukuk Flats 45 

cited on Koyukuk series 76 

cited on Nulato sandstone 81 

cited on West Fork series of Chandlar River 71 

cited on Yukon Plateau 44 

Schrader, F. C., and Spencer, A. C, cited on Chugach 

Plateau *. 42 

cited on Kennlcott formation 74 

Schuchert, Charles, fossil identified by 57, 65, 66, 70 

reference to 53 

work of 14 

Sedimentary rocks, description of 55-96 

table of 63 

Shale. See Bergman series; Colville scries; Corwin 
series; Koyukuk series; Nanushuk series; 
Stuver series. 

Silt. &« Colville series. 

Silurian rocks, description of 56-62 

Simpson and Dease, exploration by 26 

reference to 47,49 

Skaj it formation , age of 57-68 

characterand occurrenceof 56 

correlation of 58,97 

structure of 66-57 

limestone of, views of 60,56 

Slate. See Bergman, Fickett, Nanushuk, Stuver series. 

Slate Creek, gold on , occurrence of 99 

gold on, production of 102 

Sledding, description of 14-15 

Smyth, Cape, distances between Colville River and 88 

settlement at 36 

Snow . See Prcci pi tati on . 

Spencer, A. C, and Schrader, F. C, cited on Chugach 

Plateau 42 

cited on Kennlcott formation 74 

Spurr, J. E., cited on age of Yukon Plateau 4S 

cited on Carb(miferousfoHsils from Yukon Basin.. 71 

cittnl on Devonian m Ku.skok wim n-gion 67 

cited on Mission Creek series 95 



INDEX. 



139 



Page. 

Spurr, J. E., exploration by 80 

plan of exploration proposed by 12 

Stanton, T. W., fossils Identified by 76,81 

work of 14 

Steiger, George, analyses by 114 

work of 14 

Stokes, H. N., work of 14 

Stoney, G. M., cited on break-up of ice 16 

cited on coal on Colville River 109 

cited on Endicott Range 67 

meteorologic observations by 12^-125 

Streams. Sec Drainage. 

Structure of Anaktuvuk scries 75-76 

of Anaktuvuk series, plate showing 70 

profile showing 46 

of Bergniuu .series 78 

of Colville Keries 82 

plate showing 80 

of C(>rwin series 73 

of Fickett .series 0^^-70 

of Koyukuk series 77 

of Lisburne formation 64 

of NaniLshuk series 80 

plate showing 80 

of Paleozoic rocks 56-56 

of Skajit formation 56-67 

of St uver series 61-S2 

of Totsen stories 69 

Stuver, C. H., work of 71 

Stuver series, age and correlation of 62, 97 

character and occurrence of 60-61 

structure of 61-62 

Temperature. Sec Climatic conditions. 

Tertiary coastal plain, river bluffs in, view of 48 

Tertiary rocks, description of 81-88 

Thetis mines, coal at in 

Tides on Arctic coast 49 

Till, occurrence of 84-90 

Till Creek, till on 84 

Timber, occurrence of 19 

Topographic work, methods of 24-25 

Totsen si'ries, character and occurrence of 58-59 

structure and age of 59 

correlation of 59,97 



Page. 
Totsen series, metalliferous mineralization in. zones 

of 105 

Totsenbet River, name of, note on 68 

See John River. 

Tramway Bar, coal near, analysis of 114 

coal near, occurrence of 107 

gold at, occu rrence of 100 

production of 102 

Transportation, method of 14-15 

method of, on Arctic coast 87 

on Koyukuk River 34 

Travel. See Tran.sportiition. 

Tuluga River, glacial deposits near 88 

Turner, aid by 20 

Turner, J. IL, exploration by 29 

work of 11 

Twelvemile Creek, gold on, production of 102 

Uglaamie, precipitation at 128 

temperature obnervations at 122 

Union Gulch, gold in. prtnluction of .' 102 

nugget from, size of 101 

Wainwright Inlet, coal at 110 

coal from, analysisof 114 

Corwin series near 78 

fossils from, list of 74 

Ward, L. F., fossils identified by 74 

work of 14 

Weather. See Climatic conditions. 

White, David, fossils identified by 71, 114 

Wight, W. F., plants identified by 180-184 

Wild Creek, lead on 105 

Willow Creek, till near 87-88 

Wind. See Climatic conditions. 

Woolfe. H. D., cited on coal at Wainwright Inlet 110 

fossils collected by 74 

q noted on coal at Cape Beaufort Ill 

Work, methods of 14-18 

Yukon. Fort, meteorologic observations at 115 

Yukon Basin, fossils from 81 

Yukon Plateau, age of 43 

profile showing Endicott and Koyukuk plateaus 

and 44 

Yukon River, meteorologic observations on 121 

Zagoskin, A., exploration by 27 




BRANNER 
EARTH SOENaS U 



3 bios 001 aia ss? 



6/ 



Stanford Uniyendty Libra 
Stanford, California 



Betnni this bonk m w iMfove date i 



